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^HE  late  learned  and  famous  E)r.  Croune 
having  obferved  how  much  the  knowledge  of 
the  animal  o  economy  depends  upon  the  do  Brine 
of  the  nerves  and  'mufcles,  and  how  far  the  rational 
praBice  of  phyfic  might  be  improved  -by  a  more  per- 
feB  acoyuaintance  with  the  animal  oeconomy^  didy 
for  the  encouragement  of  thefe  ftudies,  form  a  plan 
for  inftituting  certain  Lcdures  to  be  read  on  fuch 
fubjeBs,  in  the  Royal  College  of  Phyficians  on  the 
nerves  and  mufcleSy  and  in  the  Royal  Society  on 
mufcular  motion  5  which  was  left  with  his  Widow y 
afterwards  Lady  Sadleir.  In  purfuance  of  which 
defign  Jhe  by  her  laf  will  bequeathed  a  yearly  revenue 
of  about  fifty  pounds^  out  of  her  ejiate,  to  the  faid 
Royal  College,  in  truft  for  the  purpofes  above  men¬ 
tioned. 

But  an  Hiftory  of  the  lives  of  the  fever al  pro- 
fejfors  of  Grefham  College,  where  Dr.  Croune  was 
many  years  rhetoric  profejfor^  written  by  the  learned 
and  accurate  Mr.  Ward,  his  prefent  fuccejfor  in  that 
provincey  being  now  in  the  prefSy  we  may  expeB 
farther  particulars  relating  to  this  donation  in  that 
treatifcy  to  which  I  mujt  refer. 

In  the  mean  time^  the  Royal  Society  having  a 
fifth  part  of  the  faid  revenue  alio  ted  to  them  by  the 
will  for  that  endy  free  from  all  charges  and  incum- 
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branceSj  excepting^  that  of  procuring  a  body  for  the 
ufe  of  thefe  Lcftures  {which  they  are  enabled  to  do 
by  their  charter)  have  undertaken^  and  intend  to  go 
on  with  a'courfe  of  fuch  Lefturcs  on  this  foundation 
annually* 

In  this  view  the  learned  Sir  Hans  Sloanc,  pre- 
Jtdent  of  that  illuflrious  Society,  a  great  encourager 
and  promoter  of  natural  knowledge^  having  done  me 
the  honour  to  nominate  me  to  open  thefe  Lcdlures,  / 
have  endeavoured  to  the  beft  of  my  power  to  anfwer 
the  intention,  as  far  as  the  limits  of  the  three  fol¬ 
lowing  difcourfes  would  permit  s  hoping  the  defign 
may  be  better  anfwered  hereafter,  when  undertaken 
by  fome  others  of  that  learned  body,  of  which  there 
are  many  perfectly  well  qualified  to  make  further  dif 
coveries  and  improvements  in  this  abflrufe  and  very 
ufeful part  of  natural philofophy. 

It  may  he  proper  here  to  take  riot  ice,  that  by  the 
confiituiion  and  cufiom  of  that  excellent  Society, 
every  difquifition  mufi  either  terminate  in  a  mathe¬ 
matical  demonftration,  or  be  founded  upon  fome  one 
or  more  experiments,  obfervations,  or  hifiories  of 
falls,  for  a  foundation  of  reafoning  i  and  the  con- 
clufions  drawn  mujt  appear  to  flow  necejfarily  from 
fuch  premijfes,  elfe  they  are  accounted  of  fmall  value. 
This  method  therefore  fets  all  conctufions  thus  drawn 
at  a  great  difiance  from  guefs,  conjecture,  mere  fpe- 
culationy  or  hypothefis  5  j'o  that  if  no  error  be  made 
in  the  application  of  them,  they  cannot  fail  to  be 
ujeful  in  the  fever al  arts  and  fciences,  to  which  they 
belong. 

And  this  gives  me  a  fufflcient  handle  for  wiping 
'  off  an  unjujl  afperfion  thrown  upon  the  labours  of 

that 
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^hat  celebrated  body^  as  if  they  were  imployed  about 
ufelefs  /peculations,  or  trifling  amufements,.  But 
experience  has  floewn,  how  many  ufeful  arts  and 
Jciences  have  received  confiderable  improvement s  by 
the  difcoveries  of  this,  and  other  focieties  of  the 
like  kind,  now  eflablifhed  in  fever al  countries  abroad, 
by  their  example  j  though  many  of  the  praBifers 
perhaps  may  not  know  from  whence  thofe  impnove- 
ments  had  their  fir  ft  rife.  An  enumeration  of  par- 
ticulars  in  proof  of  this  would  be  too  prolix,  and 
improper  for  this  place  j  efpecially  as  the  moft 
learned  in  all  arts  and  fciences  are  not  ignorant  of 
this  truth. 

This  method  of  difquifltion  therefore  I  have  en- 
deavot^red  to  obferve  in  the  following  Ledures,  which 
coyitain  fever  al  experiments,  not  made  by  any  one, 
before,  that  I  know  of  But  how  far  the  explana¬ 
tions  of  them  are  clear,  the  obftrv  at  ions  juft,  and 
the  conclufions  neceffary  and  new,  muft  be  left  to  the 
judicious  and  candid  reader. 

Whatever  is  here  advanced  contrary  to  received 
opinions,  or  the  pofttions  of  fome  great  and  learned 
men,  being  founded  upon  experiments,  I  hope  may 
be  held  to  confift  with  the  great  and  juft  regard  due 
to  the  memory  of  thofe,  who  by  their  incomparable 
works  have  Jo  Well  dejerved  of  the  learned  world, 
and  of  mankind  in  general  j  and  who,  I  am  per-  . 
fuaded,  were  fuch  lovers  of  truth  themfelves,  that 
they  ,  would  have  been' pie afed  with  its  appear¬ 
ance,  whencefoever  it  had  arifen. 

In  thefe  Ledures  the  following  propofitions  are 
offered  to  be  proved  by  experiments,  and  confirmed 
by  obfervations  of  faBs. 

[  b  2  ] 
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1 .  That  -fluids  are  elaftic  i  which  has  hitherto 
been  univerfally  denied  of  all  of  them^  excepting  the 
air. 

2.  That  the  immediate  caufe  of  the  various  de- 
_grees  of  c oh ef  on  and  elaficity  of  folids'^  which  has 

lain  in  obfcurity^  is  in  the  fluids  they  contain. 

"  3.  That  the  principle  of  gravity^  coheflon,  elafli- 
city,  and  hydroflatics,  is  one  and  the  fame. 

4.  That  next  to  primary  immaterial  impulfe, 
centripetal  power,  or  central  attraBion,  appears  to 
be  the  natural  principle  not  only  of  mufcular  mo¬ 
tion,  that  is  of  all  the  motions  in  the  animal  oeco- 
nomy,  but  alfo  of  all  other  motions  in  the  univerfe.  ' 

5.  That  there  is  no  natural  centrifugal  power  in 
matter,  of  any  fitch  principle  of  repulfe,  as  has  been 
generally  fuppofed. 

6.  That  repulfe,  in  all  the  phaenomena  here  related, 
appears  to  be  folely  an  ejfefl  of  central  attraflion, 
and  by  analogy  is  probably  the  fame  throughout  all 
nature. 

7.  That  the  arteries  are  elaftic  5  which  has  been 
but  imperfeflly  known,  and  very  little  regarded  in 
the  phacnomena  of-  the  animal  ceconomy,  tn  which 
their  elafticity  bears  a  very  confider able  flo are. 

8.  That  the  veins  are  alfo  elaftic,  which  has  been 
intirely  overlooked. 

9.  That  the  blood  is  an  elaftic  fluid,  which  has 
not  been  imagined. 

10.  That  the  nerves  are  not  elaftic,  as  has  been 
generally  advanced  and  believed. 

If  thefe  propofttions  be  fujftciently  proved  here, 
■they  are  to  make  the  chief  hinges  of  the  preliminary 
arguments,  leading  to  the  various  conclujions  con- 

.  tained 
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tained  in  an  abJiraB  of  a  general  fch erne  of  mu f 
cular  motion ,  which  I  fubmit  to  the  teft  of  an  ap¬ 
plication  to  all  parts  of  the  animal  oeconomy^  by 
which y  I  hope,  it  may  appear  to  have  a  real  fomida- 
tion  in  nature,  which  no  mere  hypothefis  can  have. 

As  I  find  no  author  to  produce  in  confirmation- 
of  federal  things  here  advanced ,  /  have  no  incli¬ 
nation  to  quote  or  refute  fuch,  as  have  thought  dif¬ 
ferently  on  thefe  fubjehis :  for  every  attempt  to¬ 
wards  the  difcovery  of  triith,  including  a  good  will 
towards  mayikind,  has  its  merit,  and  defer ves  praife,. 
though  it  fhould  not  prove  fuccefsfuh^  but  content 
tion  about  it  often  leads  infenfibly  to  fome  breach 
of  humanity,  which  the  love  of  truth  it  [elf  can 
never  jufiify.  And  therefore  I  choofe  rather  to 
depend  upon  the  force  of  this  maxim ;  that  a  dif 
CQvery  or  demonftration  of  truth,  if  it  can  be  at-  ' 
tained  to,  is  the  beft  refutation  of  error, 

I  am  aware  of  the  danger  of  drawing  general 
conclufions  from  too  f canty  premifes,  or  too  few 
experiments  j  which  I  have  endeavoured  to  avoid 
as  far  as  poffible,  and,  I  hope,  as  far  as  is  necef 
fary,  in  an.  argument  of  this  kind.  For  we  are  to 
confider,  that  though  the  method  by  induction  be  ‘ 
the  moft  demonfir  at  ive,  and  therefore  the  moft  eli¬ 
gible ,  yet  no  number  of  experiments  or  effects, 
though  ever  fo  great,  would  be  fufficient  for  efiar 
blijhtng  a  general  conclufion  concerning  the  caufe, . 
fuch  as  might  be  faid  to  be  drawn  from  a  com¬ 
plete  induEtion  of  particular  effetts  i  which  in  na^- 
ture  are  fo  exceeding  numerous,  that  an  indefinite 
number  of  them  mufi  be  always  out  of  our  reach. 
And  therefore  a  few  experiments  or  effects  clearly  ^ 

ex- 
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explained,  and  fiipported  by  the  analogy  of  nature 
{which  in  all  its  operations  is  conjlantly  fimilar 
to  itfelf)  are  fufficient  for  the  purpofe  of  a  de- 
monftration  a  pofteriori,  or  from  the  effects  to  the 
catife  5  until  fome  plain  experiment,  and  well  un- 
derjlood,  contrary  to  the  former,  can  be  produced, 
arid  fhewn  to  arife  from  a  different  or  contrary 
catife.  But  this  I  take  to  be  impoffible  in  the  cafe 
before  us  i  Jince  nature  can  admit  of  no  dire&  con¬ 
trariety  or  inconjiftency ,  with  regard  to  its  prin¬ 
ciples,  which  are  few  and  conftant,  and  their  laws 
of  aB ion  always  the  fame. 

There  is  indeed  fuch  a  furpriffng  niariety  of 
feemingly  contrary  appearances  or  phasnomena  of 
nature,  as  would  deter  one  from  drawing  a  gene¬ 
ral  conclufion,  with  regard  to  the  principles  from 
whence  they  proceed  ^  was  it  not  obfervable,  that 
this  ^variety  of  phxnomena  does  not  arife  from  a 
variety  of  principles,  or  different  laws  of  action, 
thefe  being  {as  1  faid  before)  very  few  and  always 
the  fame  i  but  evidently  from  a  number lefs  variety 
of  circumfiances,  and  degrees  of  force,  not  rightly 
'  confidered,  or  not  well  underjlood,  by  the  JpeBators. 
This  will  appear  by  the  reconciliation  of  Jeveral 
fuch  contrary  phxnomena  cited  in  the  following 
Ledures,  arifing  from  the  very  fame  principles  and 
laws  of  motion. 

And  as  this  may  not  be  fo  obvious  to  the  gene¬ 
rality,  as  it  is  to  the  learned  reader,  it  will  be  of 
ufe  to  add,  that  the  danger  of  drawing  general 
conclufions  in  natural  philofophy,  and phyfical  difqui- 
fitions,  lies  not  in  arguments  a  pofteriori,  or  in  the 
analytic  way,^  as  here,  from  the  effeB  to  the  caufe : 

'  *  '  but 
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hilt  in  ftich  as  are  carried  on  from  the  caiife  to  the 
effe^  in  the  Jynthetic  and  hypothetic  way  5  that  is, 
when  from  an  identity,  parity,  or  fimilittide  of  the 
caiife,  we  would  infer  univerfally  an  identity,  pa¬ 
rity,  or  fmilitude  of  the  ejfeBs,  which  muft:  be 
often,  if  not  always,  a  fallacious,  method,  arid  has 
been  the  four ce  of  manifold  errors.  For  the  fame 
caiife  aEling  by  one  and  the  fame  power,  in  the 
fame  degree,  and  according  to  the  fame  laws,  is 
often  found  to  produce  not  only  different,  but  even 
contrary  effects,  according  to  the  fpecific  differences 
of  the  fubjebis  a^ed  upon.^  1  choofe  a  very  fami¬ 
liar  irflance  for  the  explanation  of  this.  The  fun 
acting  by  its  rays,  or  the  fire  by  heat,  melts  wax  y. 
yet  by  the  fame  power,  aBing  in  the  fame  degree 
and  manner,  they  do  the  very  reverfe  in  harden¬ 
ing  clay. 

Thus  the  moft  perfect  knowledge  of  the  power 
of  the  fun,  or  of  heat,  as  a  caufe,  could  not  lead- 
us  with  certainty,  a  priori,  to  any  one  effebl  y  much 
lefs  to  the  'variety  of  its  effects.,  which  may  be  in¬ 
numerable,  vaftly  different,  and  even  contrary. 
There  is  therefore  an  irremediable  infufficiency  in 
this  method  of  argument  a  priori,  or  in  the  fyn- 
thetic  way,  even  when  the  caufe  is  real  and  known.. 
But  if  to  this  defebl  we  add'  an  hypothefis  or  fuppofi^ 
tion  of  a  caufe  or  principle,  which  is  not  in  nature, 
but  only  in  the  imagination,  then  no  real  effebl  can 
poffbly  proceed  from  it  5  and  every  particular,  as 
well  as  every  general  conclufion,  in  the  whole  fcheme 
may  be  falfe. 

And  it  is  this  method'  of  difquifition  a  priori, 
md  by  hypoihefes  of  imaginary  principles  andcaufes^ 
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andulged  with  fo  much  liberty  in  former  ages,  that 
has  laid  phyfic,  with  other  parts  of  natural  philo-  - 
fophy,  under  the  difreputation  of  conjectural  fcC 
.ences  j  though  when  purfued  upon  faCts  and  expe¬ 
riments,  that  is  a  pofteriori,  the  c one lufions  proper¬ 
ly  -drawn  appear  to  be  as  demonjlrative,  as  thofe 
of  any  other  fcience  whatever.  The  progrefs  in 
.this  method  indeed  is  -flow,  but  the  footing  is  Jure-y 
whereas  in  the  other  way  the  advances  are  quick 
.and  extenfive,  but  upon  infirm  ground. 

Thus  in  the  inflames  above  affigned,  if  we  fup- 
pofe  or  a  (fume  nothing,  but  take  the  fa^s,  ejfeds, 
or  phenomena,  as  we  find  them,  and  confider  the 
apparent  fenfible  qualities  of  the  fubjeCls  aCled  up¬ 
on,  and  compare  them  j  we  have  yet  made  no  mif 
take.  Then  afeending  to  the  caufe,  we  find  it  to 
be  one  and  the  fame,  ailing  -by  the  fame  fenfible 
power in  which  alfo  we  cannot  be  deceived.  There¬ 
fore  the  conclufion  is  plain  and  necejfary,  that  what- 
.ever  diverfity  or  contrariety  appears  in  thefe  ejfeCis, 
does  not  arife  from  a  diverfity  in  the  caufe,  but 
pojfibly  from  the  different  natures  and  circumflances 
of  the  fubjeCts  ailed  upon.  And  thefe  being  duly 
jconfidered,  one  appears  to  be  a  mixture  of  water 
and  earth,  the  other  of  oily  and  refinous  fubflances. 
And  experience,  which  has  Jhewn  us,  that  the  heat 
of  the  fun  or  of  fire  can  make  water  to  evaporate, 
warrants  the  conclufion  s  that  it  can  in  the  fame 
manner  agitate  the  watery  fiuids  in  the  clay,  and 
make  them  to  evaporate,  and  leave  the  earthy  mafs 
more  folid  than  before.  But  experience  alfo  Jhews^ 
that  the  fame  degree  of  heat  cannot  evaporate  oil 
07  refinous  fubflances,  and  therefore  cannot  eva¬ 
porate 
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for  ate  the  oily  or  refinotis  particles  of  the  wax  i 
though  it  may  eafily  feparate  and  agitate  them  to  a 
fluidity^  as  a  greater  degree  of  it  does  the  mojl  folid 
metalline  fubjlances,  •  ^ 

Thus  by  begining  at  the  ejfeBs,  and  conpdering 
the  nature  or  qualities  of  the  fubjeSts,  and  their  dif 
ferences,  and  afcending  at  lajl  to  the  caufe  or  caufes^ 
thefe  and  fuch  like  different  or  contrary  phseiiomena 
may  be  folved  without  error  or  hyfothefis.  And  if 
we  go  no  farther,  than  an  exaEi  analogy  of  the  fub- 
jeEls  and  circumjlanees  will  carry  us,  the  cone  luff  on 
will  be  univerfally  true^  with  refpeEi  to  the  identity' 
of  the  caufe  producing  thefe  eff'eEls  i  let  the  effl^eEi^ 
themfelves  be  ever  fo  different  or  contrary. 

Therefore  though  no  general  cone  luff  on  can  be 
drawn  with  certainty  a  priori,  or  from  the  caufe 
to  the  effeEi,  in  the  fynthetic  way,  whether  with  or 
without  an  hypothecs  j  yet  general  concluffons  may 
be  drawn  by  analyffs,  or  a  pofteriori,  upon  faEls  and 
experiments,  without  the  neceffity  ,of  any  hypo- 
theffs  i  and  fuch  concluffons,  if  they  have  been  care¬ 
fully  managed,  will  appear  to  be  certain  and  demon- 
Jirative, 

Thus  much  I  think  neceffary  to  be  [aid  for  re¬ 
commending  the  analytic  method  of  difquifftion  in 
all  phyffcal  effays  or  inquiries,  and  in  vindication 
of  phyffc  and  natural  philofophy,  as  now  generally 
cultivated  j  and  alfo  to  fet  thefe  two  different  me¬ 
thods  of  invejligation  in  a  true  light,  in  order  to 
take  off  the  prejudices,  which  may  lie  againff  ge¬ 
neral  concluffons,  when  they  can  be  attained  to  in 
the  analytic  form  of  argument.  Which  is  what  I 
have  endeavoured  to  obferve  in  all  parts  of  thefe 

[  c  ]  Leftures, 
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Ledures,  by  laying  the  foundation  in  experiments 
and  obfervations  of  faBs  confidered  and  comparedy 
and  folving  the  plain  phenomena  at  loft  without  an 
hypothefis  by  a  real  and  known  principle  in  nature y 
as  their  univerfal  caufe  aBing  by  the  known  laws  of 
mechanics  and  hydrojlatics  5  the  principle  itfelf  and 
theje  laws  being  as  realy  conjianty  and  unchange- 
able  in  the  prefent  conftitution  of  nature  y  as  the  prin¬ 
ciples  of  pure  mathematics  themfelves. 

This  method  was  fir  ft  ftrongly  recommended  and 
illuftrated  by  that  incomparable  genius  the  Lord 
Verulam,  who  calls  Novum  Organum,^/^  New 
Method  by  Induftion,  The  Art  of  inveftigating  Forms 
or  Principles,  Philofophical  Algebra,  And  it  has 

fince  been  fuccefs fully  imployed  for  unfolding  fever al 
of  the  moft  myfterious  phenomena  of  nature  by  the 
great  Sir  Ifaac  Newton,  Mr.  Boyle,,  Boerhaave, 
and  other  learned  men  and  focietieSy  the  famous  re¬ 
formers  of  natural  philofophy  and  phyfic  in  this  and 
the  laft  century. 


N.  B.  The  Dodofs  Name  is  found  written  by  himfelf  fometimes 
Crooncy  and  at  other  times  Croune.  See  his  Lifey  in  Mr.  Ward*s 
Lives  of  the  Frofegbrs  of  Grefliam-College. 
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Lecture  I. 


H  E  dcfign  of  the  learned  Dr.  Croone  in  form¬ 


ing  the  plan  of  thcfe  LeBures  on  Mufcular 


Motion  feems  to  have  been,  not  only  for 
the  encouraging  and  promoting  the  inveftigation  of 
the  mufcular  ftrudure,  with  the  caufe  and  manner  of 
mufcular  motion  in  general/  but  alfo  for  carrying  on 
a  more  accurate  anatomical  difeovery  of  the  peculiar 
ftrufture;  with  the  manner  of  motion,  and  ufeof  each 
particular  mufcle  of  the  animal  oeconomy,  in  the 
feveral  clafles  of  the  natural,  vital,  and  animal  fun¬ 
ctions:  for  in  all  thefe  this  learned  and  ingenious 
perfon  well  faw,  that  there  was  a  large  field  open  for 
improvement. 

In  this  view  the  fubjeft  appears  to  be  fo  copious,  that 
three  or  four  LeCtures  annually  will  not  be  fufficient 

to  exhauft  it  in  many  years. 

When  the  Society  lhall  think  fir  to  make  ufe  of  the. 
Privilege  granted  them  by  their  Charter,  for  obtain¬ 
ing  a  body,  the  purpofe  of  thefe  LeCiures  may  be  much 
better  anfwered,  than  it  can  be  at  prefent  without. 

one. 

In  the  mean  time,  this  laudable  defign  may,  I  con¬ 
ceive,  be  beft  anfwered,  and  moft  to  the  fatisfaCIion 
of  the  curious,  by  laying  a  foundation  for  the  future 
Leftures,  in  the  few  Experiments  and  Obfervations 
following,  which  I  lhall  take  leave  to  olFer  in  thefe 
firft  difeourfes. 


I 


EX- 
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EXPERIMENTS. 

I.  The  elafticity  of  the  ilood-vejfels,  and  non  elaf 
tic  it y  of  the  nerves,  demonfirated  on  a  nerve,  artery, 
and  vein  of  an  human  body  cut  out,  and  the  degree 
of  the  elafticity  meafured, 

II.  The  diftribution  of  the  nerves,  arteries,  and 
veins,  to  the  antagonift  mufcles  of  the  arm  of  an 
human  body,Jhewn  in  an  anatomical  Preparation  j  for 
demonft rating  the  neceffity  of  fuch  a  diftribution  to¬ 
wards  the  perform.aiice  of  mufcular  motion. 

III.  In  the  .Air-pump,  an  the  jugular  vein  of  a 
Calf  I  to  fhew  that  there  is  air  in  the  blood. 

This  Experiment  (lands  in  the  Minutes  of  the  Royal 
Society,  as  firft  performed  by  me,  about  17  or  18  years 
ago;  and  is  now  only  repeated  on  occafion  of  thefe 
Ledures. 

IV.  Upon  an  human  Artery,  and  the  Rofe  of  Jeri¬ 
cho;  to  Jhew  that  the  elafticity  of  folids  arifes 
from  the  fluids  they  imbibe  or  contain. 

V.  On  a  Frog ;  to  fhew  the  exiftence  of  a  fluid  in 
the  nerves,  and  that  Mufcular  Motion  is  begun  by  an 
impulfe  on  it  through  the  nerves  into  the  mufcles. 

Upon  thefe  Experiments,  anatomical  Preparations, 
and  Obfervations  made  upon  them,  the  dofltrine  of 
Elafticity,  and  of  Mufcular  Motion,  chiefly  depends  ; 
and  none  of  them  liave  been  made  by  any  one  before, 
nor  arc  they  extant  in  any  author,  that  I  know  of. 

VI.  OntVater,Otl,  and  Mercury  in  the  Air  pump  h 
to  prove  the  elafticity  of  fluids. 

This  Experiment,  if  it  ever  was  made  before,  was 
at  leaft  never  yet  applied  to  prove  the  elafticity  of 

fluids. 
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fluids,  and  fhew  the  immediate  caufe  of  elaftidty, 
and  cohefion  in  folids. 

The  Manner^  Explanation^  and  Ufe  of  the  frjl 
,  Experiment. 

1.  The  elafticity  of  the  blood- veflels,  and  non- 
elafticity^of  the  nerves,  will  appear  to  any,  who  are 
difpofed  to  make  this  Experiment,  as  I  have  done,  by 
laying  a  piece  of  twine,  about  four  inches  in  length, 
parallel  to  the  nerve,  artery,  and  vein  of  the  infide 
of  the  thigh,  in  an  human  fubjedj  which  being 
tied  together  above  and  below,  fo  foon  as  they  are 
cut  out  of  the  body,  and  laid  on  a  board,  the  artery 
and  vein  will  be  feen  to  contrail  equally,  to  the  lofi 
of  f  parts  of  the  length,  which  they  had  in  the  body 
before  excifionj  as  appears  in  thofe  in  fig.  i.  tab.  i. 
the  nerve  continuing  of  the  fame  length  with  the 
twine,  as  in  the  body. 

2.  In  Dogs  the  elafticity  is  greater,  to  the  lofs  of 
f  parts  of  the  length  they  had  before  excifion ;  and 
as  this  elafticity  feems  to  differ  in  different  fpecies  of 
animals,  fo  it  may  vary  in  the  individuals  of  the 
fame  fpecies,  and  in  the  fame  individual  in  different 
ftages  of  life,  or  degrees  of  health. 

3.  The  ufe  of  this  Experiment  is  not  barely  to 
fhew,  that  the  blood- veffels  are  elaftic ;  for  every  one 
who  knows,  that  the  artery  is  dilated  in  its  diaftole, 
and  contrailed  in  its  fyftole,  knows  it  therefore  to  be 
elaftic  in  that  fenfe;  and  every  one,  who  has  per¬ 
formed  the  ligature  on  the  artery  after  amputation, 
knows  that  it  fhrinks  or  fhortens  its  axis,  and  there- 
fore  is  alfo  elaftic  in  that  fenfe.  But  though  this  be 
known,  yet  the  meafure  or  degree  of  the  elafticity  of 
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an  artery  has  not;,  that  I  know  of,  beicn  taken  notice 
of  by  anybody.  AnAj  fecondly^  as  the  vein  has  no 
pulfatioii;,  and  is  never  defignedly  tied  in  an  amputa¬ 
tion,  its  elafticity  has  been  overlooked  ,  though  it  be 
equal  to  that  of  an  artery  in  degree,  but  not  in  mo- 
mentumy  its  coats  being  thinner  than  thofe  of  the 
artery.  Thirdly y  The  non- elafticity  of  the  nerves 
has  not  been  fo  much  as  once  named  by  any  Author, 
as  I  remember,  before  the  publication  of  my  inau¬ 
gural  Thefes  at  Leyderiy  Ann.  1711.  where  it  is  re¬ 
marked,  and  ftnee  that  time  by  Dr.  Boerhaave  only, 
in  the  fubfequent  Edition  of  his  Inftitutions y  Ann. 
1713,  and  the  two  following  Editions.  But  on  the 
contrary;  all  the  Authors  on  Mufcular  Motion,  that 
have  come  to  my  hands,  as  well  as  thofe  who  have 
written  of  the  Thepry  and  Praftice  of  Phyfic,  have 
fiippofed  and  aferibed  elafticity  to  the  nerves. 

4.  The  Experiment  therefore  is  fo  far  ufeful,  as  it 
difeovers  fome  eflential  properties  of  thefe  eftential 
parts,  which  were  not  known  before;  and  clears  up 
fome  miftakes,  that  palled  for  fundamental  truths, 
relating  to  the  nerves  and  veins,  in  explaining  moft 
parts  of  the  animal  oeconomy,  as  well  as  mufcular 
motion  in  general. 

f.  And  it  is  further  very  remarkable,  that  though 
the  elafticity  of  the  artery  has  always  been  known, 
and  indeed  obvious  in  the  pulfation :  yet  Authors  have 
been  conftantly  fo  full  of  the  elafticity  of  the  nerves, 
in  explaining  not  only  mufcular  motion,  but  alfo  fe- 
vcral  other  parts  of  the  animal  oeconomy,  and  even 
in  accounting  for  the  fymptoms  of  various  difeafes  5 
that  they  have  taken  no  other  notice  of  the  elafticity 
of  the  arteries,  than  folely  as  it  propels  the  blood  in 

the 
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the  circulation  tiirougii  them  :  and  even  in  that,  by 
their  dodrine  it  has  been  allowed  but  a  very  fmall 
(hare  5  and  by  molt  of  them  no  fhare  at  all. 

6.  And  it  may  not  be  amifs  to  obferve,  that  this  Ex¬ 
periment  was  never  made  by  any,  that  I  know  of,  till 
the  faid  year  1711;  and  afterwards,  in  the  year  172  y, 
when  I  firft  Ihewed  it  to  this  Society.  And  further, 
tho'  it  appears  fimple  and  eafy  to  be  made,,  yet  it  ii 
of  the  utmoft  confequcnce  in  all  parts  of  the  animal 
oeconomy :  for  as  all  parts  of  the  animal  body  are 
entirely  compofed  of  nerves,  arteries  and  veins, 
Cev^tvptin^  the  hard  eft  fibres  of  the  bones,  which  alfo'. 
are  nourihed  by  them)  it  is  certain,  that  all  the  ani¬ 
mal  funCions  depend  upon  the  qualities  and  con¬ 
tents  of  thefe  three  parts.  Therefore  this  Experi¬ 
ment,  as  it  demonftrates  the  qualities,  and  degrees 
of  the  qualities,  of  each  of  thefe,  gives  us  the  qua¬ 
lities  of  the  folids  in  all  parts  of  the  body;  and  there¬ 
fore  opens  at  leaft  one  door  towards  the  explanation 
of  all  the  animal  fundions,  as  far  as  they  depend 
upon  the  folids. 

Explanation  and  Ufes  of  Experiment  II. 

1.  The  next  thing  which  we  are  to  take  notice 
of,  is  the  form  or  manner  of  the  diftribution  of 
thefe  three  elfential  parts  to  the  various  organs 
at  their  extremities;  for  upon  this  diftribution,  and 
the  ftruflure  of  the  organs,  which  they  lead  to, 
depends  the  whole  variety  of  the  funclions,  whether 

;  natural,  vital  or  animal. 

2.  The  caufe,  manner,  and  effed  of  voluntary, 
mufcular  motion,  being  a  point  that  the  Founder  of 
thefe  Ledures  had  chiefly  in  view,  it  was  neceflary 

to 
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to  obferve  the  manner,  or  order  of  diftribution  of 
thefe  effcutial  parts  to  the  organs  of  voluntary  mo¬ 
tion,  the  mufcles. 

3.  For  this  purpofe  therefore  I  exhibited  this  ana¬ 
tomical  preparation,  not  extant  before  im  any  Author, 
and,  fo  far  as  I  know,  not  hitherto  attempted  by  any 
onej  namely,  the  antagonift  mufcles  of  an  human 
^rm,  with  ail  the  nerves,  arteries,  and  veins  lead¬ 
ing  to  them,  intire,  as  they  appear  in  the  fubjeft  it- 
felf,  ^nd  like  wife  laid  before  you  a  very  accurate 
draught  of  them,  wherein  the  arteries  are  marked 
j:cd,  the  veins  blue,  and  the  nerves  white,  as  in  tig. 

I.  tab.  2. 

4.  The  ufes  of  this  preparation  are  various,  ift- 
As  it  fhews  that  there  is  no  communication  between 
the  antagonift  mufcles  by  their  nerves,  each  having 
a  peculiar  trunk  or  trunks  and  branches  of  nerves ' 
diftributed  to  it,  diftind  from  thofe  of  its  antagonift; 
by  which  the  mind  has  a  diftind  power  over  each, 
and  may  at  pleafure  ad  upon  either,  without  ading 
upon  the  other:  for  if  both  were  equally  aded  upon 
at  the  fame  time,  no  motion,  but  a  rigidity  and 
^immobility,  would  enfue.  idlj.  This  preparation 
Ihews  that  the  antagonift  mufcles  have  a  communi¬ 
cation  with  one  another,  by  the  intervention  of  their 
blood-velTels,  as  there  appears  to  be  one  trunk  of 
an  artery,  and  one  trunk  of  a  vein,  common  to 

'  both.  ^ 

y.  This  feems  alfo  to  be  abfolutely  neceffary  to¬ 
wards  voluntary  motion,  and  the  power  and  energy 
of  it;  to  wit,  that  the  ading  mufcle  may  have  a  greater 
derivation  of  blood  into  it  from  the  common  trunk 

of 
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of  the  artery,  than  its  antagonift,  which  is  at  that 
time  to  remain  pallive. 

6.  Both  thefc  very  effential  parts  of  voluntary 
mufcular  motion  muft  have  remained  in  the  dark, 
without  fuch  an  anatomical  preparation.  The  me¬ 
chanical  caufe  and  manner  of  this  derivation  of  an 
acceflbry  quantity  of  blood  to  the  ading  mufcles, 
depends  upon  this  diftribution  of  the  veffels^  and 
the  mechanifm  of  the  mufcular  ftrudure,  which 
fhall  be  fhewn  in«the  courfe  of  the  following  Lec¬ 
tures  i  wherein  it  will  appear,  that  the  antagonift 
mufcles  of  voluntary  motion  are  like  two  antagonift 
fcales  of  a  balance  5  and  that  it  is  in  the  power  of  , 
the  mind,  by  means  of  this,  and  other  parts  of  the 
mufcular  mechanifm,  not  only  to  throw  in  a  greater 
weight  at  pleafure  into  either  fcale,  but  further 
to  throw  the  weight  taken  from  the  one  into  the 
oppofite  fcale,  by  which,  the  momentum  is  doubled, 
on  the  fide,  on  which  the  mind  determines  to  ad. 

ne  Manner^  Explanation  and  Ufe  of  Expert- 

ment  III. 

.  I’,  This  Experiment  is  performed  by  laying  bare  the 
jugular  vein  of  a  Calf,  before  it  be  killed,  and  fepa- 
.  rating  it  carefully  from  adhefions  y  which  is  then  to 
be  tied  with  a  clofe  ligature,  firft  below  near  the 
thoraXy  and  then  in  the  fame  manner  near  the  head,,, 
‘at  the  diftance  of  three  or  four  inches  from  the  for¬ 
mer  ligature,  fo  as  that  the  interniediate  fegment  of 
the  vein  full  of  blood  between  the  ligatures  may  be. 
cut  off  beyond  the  ligatures* 
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2.  This  fegilient  of  the  vein,  turgid  with  blood, 
fhould  be  immediately  put  into  a  veflel  full  of  luke¬ 
warm  or  blood-warm  water,  to  keep  the  blood  from 
coagulating  within  it,  which  would  happen  in  a  few 
iminutes,  if  it  was  expofed  to  the  cold  air. 

3.  The  vein  being  taken  out  of  the  warm  water, 
is  to  be  tied  to  a  fmall  fquare  pafte- board  frame,  and 
made  faft  over  the  mouth  of  a  wine  or  jelly  glafs, 
or  any  fuch  veflel  tapering  towards  the  bottom,  and 
put  into  the  recipient  of  an  air-pump,  which  being 
exhaufted,  the  vein  is  to  be  opened  with  a  lancet, 
fixed  at  the  end  of  a  wire,  palling  through  a  collar 
of  leathers. 

4.  The  confequence  of  this  is,  that  the  blood, 
which  runs  out  of  the  vein  into  the  veflel  fet  under¬ 
neath,  will  be  immediately  and  totally  raifed  up  in  air- 
bubbles,  and  thrown  out  of  the  veflel  upon  the  plate 
of  the  pump,  by  the  force  of  the  air  which  it  con¬ 
tained,  equally  diftributed  through  the  whole  mafs. 

y.  By  which  it  appears,  that  the  blood  is^  greatly 
ftored  with  air,  as  was  to  be  fhcwn. 

Remarks  on  this  Experiment. 

Obf.  1.  §1.  It  is  remarkable  in  the  apparatus  to 
this  Experiment,  that  the  heat  of  luke-warm  water, 
which  is  nearly  the  fame  with  the  heat  of  incuba¬ 
tion,  keeps  the  blood  in  the  vein  in  a  ftate  of  fluidity 
for  fome  hours ;  and  I  believe  it  might  be  kept  in' 
that  ftate  much  longer,  which  deferves  a  trial  i  this 
being,  as  I  imagine,  the  ftandard  degree  of  heat  in 
all  fuch  outward  applications,  as  are  intended  to  dif- 
folve,  attenuate,  and  difeufs  ftagnating  animal  fluids, 
or  difobftruft  the  veflels :  intentions  which  are  rather 

hindered 
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hindered  than  promoted  by  too  hot-baths  or  fomen¬ 
tations,  in  which  the  miftaken  ftandard  degree  is  as 
hot  as  the  patient  can  bear  it,  inftead  of  what  he 
could  call  a  comfortable  warmth,  and  would  be  the 
ufcfal  mcarure  for  him.  This  degree  of  heat  would 
indeed  be  different  to  different  perfons  5  but  every 
one  would  have  the  due  degree  fuited  to  his  tem¬ 
perament,  conftitution,  and  feeling,  in  which  he 
could  not  be  deceived,  being  himfelf  the  beft  judge. 
Nay  even  in  mortifications  or  fphaedations,  though 
neither  this  nor  any  other  degree  of  heat  can  rcfiorc 
motion  in  the  fphacelated  part,  yet  this  degree  is 
moft  likely  to  promote  the  circulation  remaining  in 
the  confines  of  the  mortified  part ;  which  is  the  only 
intention  of  fomentations  and  poultifes  in  fiich 
cafes,  in  order  to  a  feparation  of  the  fphacelated 
fluff. 

§  2.  This  doftrine  is  confirmed  by  obfervations, 
that  all  animal  fluids  are  thickened  by  any  great  de¬ 
gree  of  heat,  or  cold.  Thus, 

§  3.  The  white  of  an  egg  becomes  as  hard  in  a 
nights  time  under  the  fnow  in  frofty  weather,  as 
if  it  had  been  roafted  by  the  fire,  or  boiled  in  wa¬ 
ter  5  though  the  yolk,  being  more  oily,  is  not  fo  much 
hardened  in  the  fame  timci  whereas  it  is  known, 
that  all  parts  within  the  fhell  are  made  more  fluid  by 
the  heat  of  incubation. 

§  4.  And  hence  it  is,  that  the  fame  kinds  of  in¬ 
flammatory  diftempers  appear  in  the  fummer  heats, 
as  in  the-greateft  colds  of  winter :  Whereas  the  tem¬ 
perate  warmth  of  the  fpring  and  autumn  is  general-  • 
ly  healthier,  or  at  leaft  freer  from  thefe  kinds  of  in- 

Obf, 


flammatory  diftempers 
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Obf.  II.  §>  1.  Though  the  vein  contains  fuch  a 
quantity  of  air,  yet  it  is  no  way  tumified  or  expand¬ 
ed  by  exhaufting  the  receiver j  which  fhews,  that 
the  real  elafcicity  of  the  mufcular  fibres  of  the  vein 
is  fuperior  to  the  expanfive  force  of  the  inclofed  air, 
in  which  its  elafticity  is  imagined  to  confift. 

§  2.  This  elaftic  power  of  the  veflels  therefore 
would  make  a  rupture  of  them  impoffible  in  an  ex- 
haufted  receiver  of  an  Air-pump,  or  at  the  top  of 
a  very  high  mountain,  fuch  as  Teneriff'^  did  not 
the  force  of  the  circulation,  at  lead  in  this  laft  cafe, 
contribute  to' that  rupture  of  the  capillary  veflels  i 
which  appears  by  fpitting  of  blood  in  fuch  emi¬ 
nences. 

Obf,  III.  The  manner  of  this  experiment  upon 
blood,  which  has  never  had  any  communication 
with  the  external  air,  obviates  an  objeftion  againft 
an  Experiment  of  this  kind,  upon  blood  received  in¬ 
to  a  porringer,  or  other  veflel,  from  the  arm  by 
vcnxfeftion,  which  might  be  fuppofed  to  have  im¬ 
bibed  or  received  air  in  its  paflage,  and  expolition 
to  the  external  air,  before  the  experiment. 

Obf,  IV.  §  1.  As  the  blood  circulating  in  the 
veflels  appears  to  have  fuch  a  quantity  of  air  inti¬ 
mately  mixed  with  every  molecule,  globule,  or  par¬ 
ticle  of  it,  the  whole  compound  according  to  the 
common  dodtrine  of  elafticity.  Ought  to  be  looked 
upon  as  an  elaftic  fluid :  even  if  thefe  globules  them- 
felves  were  not  elaftic,  as  I  formerly  endeavoured  to 
prove  them  to  be,  in  an  eflay  oh  the  ftruCfure  and 
motion  of  the  heart,  read  fome  years  .ago  in  this 
illiiftrious  Society,  and  in  a  differtation  de  ^ru£i,  ^ 
Mot,  Miifc,  lately  publifhed. 
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§.  2.  la  the  mean  time  it  may  be  ncccflary  here  to 
obviate  an  objeftioii  againft  the  elafticity  of  all  fluids, 
which  arifes  from  the  incomprcflibility,  and  thcrc\ 
fore,  as  is  alleged,  the  non-claflicity  of  water,  the 
bafis  of  all  the  reft;  even  though  it  be  known  to  con¬ 
tain  a  great  quantity  of  air.  For  this  purpofe  the 
Florentine  Experiment  of  filling  a  fpherical  veflel  of 
gold  full  of  water,  clofely  (hut  up  in  it,  and  expofed 
to  the  ftrokes  of  an  hammer  on  an  anvil,  or  to  any 
other  ftrong  comprellion,  is  offered  in  proof.  Be- 
caufe  in  that  Experiment  it  appears,  that  fomc  part  of 
the  water  will  make  its  way  through  the  pores  of  the 
gold;  which  plainly  fhews,  that  it  cannot  be  com- 
preffed  into  lefs  room  than  it  had  in  the  fpherical 
veflel,  which  is  more  capacious  than  the  cavity  of 
an  oblate  fpheroid,  to  which  the  ftrokes  of  the  ham¬ 
mer,  or  other  compreflion,  may  have  reduced  it. 

§.  3.  The  folving  of  this  difficulty  will  give  au 
handle  for  clearing  up  fome  miftakes,  relating  to  the 
imagined  non- elafticity  of  fluids,  for  which  rcafon 
it  may  not  be  improper  in  this  place  to  give  fome  ac¬ 
count  of  the  nature  of  elafticity. 

4 

0/ Elasticity. 

Elafticity  being  one  of  the  principles  of  mufcular 
motion,  it  is  neceflary  to  ftiew  where  it  refides,  and 
how  it  afts.  In  order  to  this,  I  fhall  offer  the  follow¬ 
ing  .propofitions,  fonie  of  which  are  fo  evident  as  to 
want  no  proof,  and  to  the  reft  the  proper  proofs  fhall 
be  fub  joined. 

Frof,  I.  The  minima  of  all  bodies  are  perfedly 
^hardi  that  is,  their  parts  are  neither  - feparable,  nor 

b  2  capable 
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capable  of  dianging  their  relative  fituation,  by  any 
power  in  nature.  This  is  fupported  by  the  incom¬ 
parable  Sir  Ifaac  Newton^  in  his  treatife  of  optics, 
by  irrefutable  arguments,  which  I  need  not  here 
repeat. 

^rop  II.  Therefore,  as  the  minima  of  bodies  can^ 
not  be  fingly  elaflic,  elafticity  muft  be  a  property  of 
compound  bodies  only,  whofe  component  parts  are 
capable  of  changing  their  relative  fituations,  and  can 
be  drawn  to  various  relative  diftances  with  regard  to 
one  another. 

7rop.  III.  §.  I .  This  property  appears  to  be  greater 
or  lefs  in  all  compound  bodies,  whether  folid  or 
fluid  5  but  the  queftion  is  chiefly  about  the  elafticity 
of  fluids,  which  has  been  pofirively  denied  in  water 
(the  bafts  of  all  the  animal  and  vegetable  fluids)  up¬ 
on  the  fcore  of  its  incompreflibility,  obferved  in  the 
Florentine  Experiment  mentioned  above.  But  not- 
withftanding  that  Experiment,  1  believe  it  may  be 
made  to  appear,  that  water,  oil,  and  mercury,  are 
not  only  elaftic  themfelves,  but  alfo  the  caufes  of 
elafticity  in  all  compound  folk!  bodies. 

§.  2.  In  order  to  this,  we  are  to  conftder  :  That  the 
natural  ftate  of  all  elaftic  bodies,  whether  folid  or 
fluid,  is  contradion  of  all  the  parts  of  the  compound 
towards  one  another,  and  to  the  common  centre  of 
the  mafs.  This  appears  in  a  bow,  and  after  the  fame 
manner  in  a  drop  of  water,  dew,  or  mercury,  whofe 
particles  are  all  equally  attraded  towards  the  com¬ 
mon  centre  of  the  mafs,  even  in  vacm^  according 
to  the  Vlth  Experiment,  and  therefore  towards  one 
another,  fo  as  to  form  the  exafteft  fphere  about  that 
centre,  where  they  remain  in  requilibrio^  and  im¬ 
moveable 
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niovcable  by  any  power  or  force  of  their  own,  and. 
if  difturbed  by  any  external  force  (fhort  of  what  will 
dillipate  them  into  letfer  fpheres)  fo  as  to  be  reduced 
to  oblate  or  oblong  fpheroids,  or  to  any  other  figure 
different  from  that  of  a  fphere,  they  will  immediately 
upon  removal  of  that  force  refume  their  former 
fpherical  figure,  fituation  of  parts,  and  aquilibriumy 
about  their  common  centre,  as  before:  and  in  their* 
progrefs  towards  reflitution,  they  will  either  repel, 
or  conftantly  endeavour  to  repel,  the  incumbent  or  • 
impelling  force. 

Corollary,  Thus  fluids  appear  to  be  elaftic,  as  they 
are  capable  of  extenfion  or  expanfion  by  any  external' 
force  applied  y  and  of  reflitution  to  their  prifline* 
figure  by  their  own  natural  force,  by  which  they 
repel,  or  endeavour  to  repel,  every  thing  that  flands> 
in  the  way  of  their  reflitution.  Which  is  the  whole- 
charafteriflic  of  elaflic  bodies. 

Scholium.  Repulfe  therefore  (in  this^cafe  at  leaft) 
appears  to  be  no  principle  of  aftion,  but  the  cffcCt 
of  that  principle,  which  is  rightly  called  contraction 
or  centripetal  forces  which  I  have  endeavoured  to 
fhew  elfewhere.  [See  de  Str,  Motu  Mufc, 

Introd,~\ 

§.3.  As  to 'the  Florentine  Experiment,  which  is 
offered  iir  contradiction  to  this  quality  in  water,  we- 
are  to  conlider,  that  cold  wate^r  is  before  the  Experi¬ 
ment,  in  the  ftate  of  its  ultimate  condenfation  or* 
contraction  which  it  can  have  at  that  time  or  feafon 
in  which  the  Experiment  is  made,  with  an  immediate 
contact,  or  the  nearefl  poffible  vicinity  of  all  parts' 
of  the-  compound,  whole  minima  are  perfectly  hard^ 
as  has  been  already  proved  5  and  alfo  perfectly  round, 

which. 
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:  which  its  fluidity  (hews  to  be  very  probable.  Such  a 
tbody,  I  fay,  in  its  natural  ftate  of  contraClion  can¬ 
not  be  brought  into  a  nearer  contaft  of  parts,  nor 
into  a  kfler  compafs  than  that  of  a  fphere,  which  is 
: the  moft  capacious  of  all  figures,  under  the  fame  fur- 
face;  and  therefore  cold  water,  or  any  other  fluids 
Ihut  up  in  a  veflel  of  that  figure,  would  cither  con- 
ftantly  refift  the  comprefllon,  or  efcape  it  even 
: through  the  pores  of  gold:  which  no  way  invalidates 
*the  arguments  offered  above  in  proof  of  its  clafti- 
city.  For  though  an  elaftic  body  extended,  diftended, 
expanded,  or  ratified,  may  be  contraded  or  con- 
denfed,  cither  by  its  own  natural  power,  or  by  an 
external  force  fuperior  to  that  by  which  it  was  ex¬ 
tended  or  ratified ;  yet  it  does  not  from  thence  fol¬ 
low,  that  after  its  full  natural  condenfation  or  con- 
tradion,  it  can  be  ftill  further  condenfed  or  con- 
traded,  by  any  force  whatfoever :  which  does  not 
at  all  imply  a  want  of  elafticity,  fuch  as  has  been  above 
deferibed. 

4.  It  may  be  further  added,  that  if  it  was  pof- 
flble  to  condenfe  any  pure  elaftic  folid  body,  beyond 
the  ultimate  degree  of  its  natural  contradion  and 
condenfation,  when  all  extraneous  or  heterogeneous 
bodies  are  removed  ;  then  we  fhould  be  able  to  alter 
-the  fpecific  gravity  of  bodies,  and  fo  far  the  tranf- 
mutation  of  metals  would  be  no  longer  a  myftery. 
But  there  is  no  known  power  in  art  or  nature,  by 
which  pure  gold,  filver,  mercury,  or  any  other  pure 
homogeneous  metal,  can  be  made  denfer,  or  its  Ipe- 
cific  gravity  increafed.  It  is  true,  that  in  impure 
metals,  by  removing  the  impure  or  lefs  weighty 
:pacticks  out  of  the  way  of  the  mutual  contad  of  their 

purer 
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purer  parts,  the  remaining  pure  parts  become  heavier  r 
and  denfer,  than  an  equal  bulk  of  the  original  mafs : 

‘  but  this  is  only  a  purification,  not  a  condenfation  of  ' 
the  primary  eflential '  component  particles  j  .  which,  .. 
was  it  pofliblc,  would  alter  the  fpecific  gravity,  and  > 

I  therefore  the  fpecics  of  the  metal,  and  ib  introduce  r 
;  anew  fpecies  of  pure  metal.  Which,.  I  believe,  is . 
i  beyond  the.  power  of  art,  or  any  known,  power  of. 

!  nature. 

y.  The  fecoad  thing  to  be  confidered  in  elaftic : 

I  bodies,  whether  folid  or  fluid,  is  a  capacity  of  being 
*  extended,  diftended,  expanded,  or  ratified  5  the  effeft 
of  which  is  alfo  to  repel  any  incumbent  or  impinging  ^ 
force;  which  is  fometimes.done  with  very  great  vio-- 
lence  and  impetuofity  in  a  direftion  exadly  contrary 
to  the  centripetal  force  above  deferibed,  and  there-  - 
fore  has  been  called,  though,  I  think,  erroneoufly,  , 
the  centrifugal  power '  of  elaftic  bodies,  obferved  in  ^ 
various  experiments  on  the  air,  whence  it  is  denomi-  - 
nated  the  moft  elaftic  of  all  bodies.  Of  which  more 
hereafter. 

§.  6.  But  I  muft  obferve,  that  the  fame  expanfive 
power,  and  even  a  greater  force  of  repulfion,  ap¬ 
pears  in  water,  rarified  in  the  ^olipile  and  Pirc-En- 
gine  5  though  it  be  not  allowed  to  be  elaftic. 

7.  But  the  truth  is,  that  this '  expanfion,  and 
repulfe  which  attends  it,  do  not  feem  to  be  natural  . 
powers  either  of  air  or  water  3  but  effeds  produced  < 
in  them  by,  the  force  of  fire,  the  rays  of  the  fun,  . 
or  heat,  in  a  diredion  contrary  to  the  elaftic  centri¬ 
petal  natural'powcrs  of  rhefe  two  fluids:  fo  that  rari- 
fadion  or  expanfion  in  them  is  not  a  natural  adion  of  1 

.  their  ^ 
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their  own,  but  a  forced  cfFcd;  and  therefore  the 
repulle  arifingfrom  it  muft  alfo  be  the  fame. 

§.  S.  And  this  is  equally  obfervable  in  all  elaftic 
folid  bodies.  For  example,  a  bow  that  lies  unbent, 
cannot  be  bent  by  any  force  of  its  own  elafticity,  but 
by  the  impulfe  of  fome  adventitious  external  power, 
which  really  extends  it,  or  draws  it  to  a  greater  length 
in  the  bending :  therefore  the  bow  is  not  then  laid  to 
ad,  but  CO  be  aded  upon,  in  order  to  its  fubfequenc 
adion  of  reftifution  i  and  the  man's  hands  and  arms 
in  ading  upon  it  repel  whatever  ftands  in  the  way  of 
their  adion.  But  this  adion  and  repulfe  is  never 
aferibed  to  the  bow,  whofe  adion  is  reftitution,  or  a 
centripetal  motion  only,  by  which  the  arrow  is  pro- 
jeded  by  repulfe,  or  readion  of  the  bow  upon  it  in 
its  reftitution  or  contradion. 

§.  .9.  It  is  in  the  fame  manner,  that  the  rays  of  the 
fun,  fire,  or  heat;  expand  and  rarify  condenfed  air,  or 
water,  and  repel  whatever  ftands  in  the  way  of  their 
adion,  and  that  undequaque  in  the  manner  of  all  other 
fluids  5  in  which  adion  the  velocity  of  the  particles  of 
fire,  communicated  to  the  particles  of  a  weightier  fluid 
than  itfelf,  increafes  the  momentum  of  the  expanfion 
and  repulfe,  in  proportion  to  the  different  weights  of 
the  fluid  aded  upon :  therefore  the  force  of  this  ex¬ 
panfion  and  repulfe  is  found  to  be  far  greater  in  rati¬ 
fied  water  or  fleam,  than  in  ratified  air  5  as  is  evident 
in  the  ^olipile  and  Fire-Engine. 

•  §.  10.  Thus  it  appears,  that  this  expanfion  and  re¬ 
pulfe  is  not  owing  to  the  nkural  elafticity  of  the  air, 
but  to  a  foreign  power,  to  wit,  that  of  foe  or  heat, 
ading  upon  it. 


§.  II.  And 
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§.  II.  And  this  is  confirmed  by  obferving,  that  air 
long  fhut  up  from  the  rays  of  the  fun,  and  from  all 
communication  with  the  external  air,  which  conveys 
them:  I  fay  fuch  imprifond  air  at  laft  totally  lofes 
this  cxpanfivc  power,  fo  as  to  become  unfit  for  refpira- 
tion,  and  will  extinguifh  a  flame,  or  kill  an  animal,  as 
quickly  as  if  they  were  ftifled  in  vacuo.  Which  in¬ 
deed  is  the  cafe.  Whence  it  is  commonly,  but  1 
think,  wrongly  faid,  that  fuch  air  has  loft  its  elafticity. 
As  if  we  fhould  fay,  that  a  bow  has  loft  its  elafticity, 
becaufe  we  fee  it  lie  (till,  contraded,  or  unbent,  and 
no  hand  imployed  to  extend,  that  is,  to  bend  it  5 
without  confidering,  that  no  elaftic  body  can  ad  until 
it  be  firft  aded  upon. 

What  may  be  further  faid  on  the  head  of  elafticity, 
fhall  be  the  fubjed  of  the  next  Ledure. 


L  E  C  T  U  R  E  II. 

IN  the  laft  Le£i:urc  I  endeavoured  to  fhew,  That 
the  minima  of  all  bodies  are  perfedly  hard. 

^dly,  That  elafticity  therefore  is  a  property  of 
compound  bodies  only. 

ylly.  That  this  elafticity  confifts  in  a  capacity  of  a 
change  of  figure,  or  change  of  the  relative  diftances 
and  difpofition  of  the  parts  in  the  compound,  with¬ 
out  a  folution  of  contiguity  or  continuity  of  its  parts  j 
and  a  centripetal  power  of  reftitution  to  the  fame  figure 
again. 

ifthly.  That  the  natural  ftate  of  all  elaftic  bodies, 
whether  folid  or  fluid,  is  contraftion  only. 
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^thly^  That  their  forced  or  preternatural  date  is  ex* 
tcnlion,  expanfion,  dilatation,  or  rarifaftion  by  fomc 
forei2;n  adventitious  force. 

6thlyy  That  this  natural  ftate  of  contradfion  in 
homogeneous  fluids  arifes  from  a  centripetal  force, 
by  which  all  parts  of  the  mafs  tend  to  one  common 
centre  5  and  therefore  to  one  another  in  aq^iitlibrio 
about  that  centre,  fo  as  to  form  the  exafteft  fphere,  as 
a  figure  capable  of  a  greater  quantity  of  matter,  than 
any  other  figure  of  the  fame  furface. 

ythly^  That  therefore  in  fuch  a  ftate  of  ultimate 
contradion,  they  are  not  capably  of  any  further  con- 
tradion,  condenfation,  or  compreflion,  fo  long  as 
they»  continue  in  a  ftate  of  fluidity  5  which  does  not 
at  all  impugn  their  elafticity,  or  invalidate  the  argu¬ 
ments  produced  in  proof  of  it. 

%thly^  That  repulfc  is  not  a  principle  of  adion  in 
elaftic  bodies,  but  the  effed  of  that  natural  principle 
which  is  juftly  called  centripetal  power,  or  a  nifits 
towards  a:quilibration  about  fome  common  centre  5 
by  which  they  repel,  or  endeavour  to  repel,  what¬ 
ever  ftands  in  the  way  of  their  reftitution  to  that  ^equi- 
librium. 

^thly.  That  as  cxpanfion,  diftention,  and  rarifac- 
tion  are  not  the  natural  adions  of  elaftic  bodies;  but 
the  forced  cfFeds  of  fomc  adventitious  external  or 
foreign  caufe ;  or  of  an  addition  of  more  matter  of 
•the  fame,  or  fome  other  kind,  ading  upon  them; 
therefore  the  fubfequent  repul fe  produced  is  alfo  the 
elfcd  of  that  fame  external  caufe,  or  of  fuch  addition, 
and  not  of  the  elaftic  body  itfelf,  whofe  foie  adion  is 
reftitution  towards  its  awn  centre,  in  a  diredion  com 
trary  to  the  power  of  that  external  agent. 

‘  .  Thefe 
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Thefe  conclufions  I  endeavoured  to  illuftrate  by 
inftances  from  a  drop  of  water,  dew,  mercury,  ftag- 
nating  and  imprifoned  air,  a  bow,  I  fhall  now 

proceed  to  confider  thefe  a  little  further,  together  with 
fome  other  fenfiblc  properties  of  fluids ;  that  by  com¬ 
paring  them  we  may  be  able  to  draw  fuch  general 
conclufions  for  our  purpofe,  as  fhall  appear  to  flow 
necefiarily  from  them,  in  confirmation  of  what  has 
been  already  faid,  and  for  a  further  illuftration  of  this 
fubjed. 

.  Se£fion  i.  There  appears  to  be  only  fouri  kinds 
of  fluids,  vifible  and  obvious  toThe  touch,  namely  water 
or  watery  fluids,  oil,  mercury,  and  fire  i  the  laft  of 
which,  though  the  moft  univerfal  and  moft  powerful 
of  all,  we  are  certainly  the  leaft  acquainted  with. 

§.  2.  The  air  as  it  is  not  a  vifible  fluid,  and  is  known  to 
be  an  heterogeneous  mixture  of  almofl:  all  forts  of 
fluids  5  until  we  are  at  fome  certainty  about  the  pro¬ 
perties  of  the  other  more  fimple  and  more  fenfible 
fluids,  of  which  it  is  compofed,  it  is  not  likely  that 
we  can  come  to  any  folid  conclufions  concerning  it : 
therefore  this  may  more  ufefully  be  the  fubjed  of  fome 
following  Ledures. 

'  §.  3.  The  firft  property  that  1  have  already  touched  up¬ 
on  in  water,  is,  that  the  minutefl:,  vifible,  diftind  drops 
of  it,  and  even  pretty  large  ones,  as  well  in  vacuo  as 
in  the  open  air,  (according  to  the  Vlth  Experiment 
made)  form  themfelves  into  exad  fpheres  5  in  each  of 
which  the  centre  of  magnitude  appears  to  be- the 
centre  of  gravity,  attradion,  and  sequilibration,  asalfo 
of  vibration  or  elafticity.  And  in  fuch  fmall  drops  it 
continues  to  be  fp,,as  long  as  the  attradion  of  each 
particle  of  the  fluid  within  that  fphere  is  greater  to- 

c  2  ^  wards 
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wards  its  own  centre,  than  towards  the  centre  of  the 
Earth:  that  is,  until  the  drop  be  fo  increafed,  that  the 
gravity  of  the  extreme  particles  of  its  furface  exceeds 
their  attradion  towards  the  centre  of  the  drop,  as 
placed  at. too  great  a  diftance  from  it,  to  be  fenfibly  or 
fufficiently  affeded  by  it.  In  which  cafe,  though  they 
do  not  lofe  their  mutual  attradion  towards  each 
other,  and  therefore  retain  a  proportional  attradion 
towards  their  common  centre  5  yet  they  are  forced  to 
yeild  to  the  fuperior  power  of  gravity,  by  which  they 
form  themfelves  into  a  fmall  part  or  fedion  of  a  larger 
'fphere,  about  that  more  powerful  centre  of  the  earth. 
This  is  moft  remarkable  in  the  ocean,  where  the  water 
affeds  and  obtains  the  fame  fpherical  figure  about  the 
centre  of  the  earth,  as  the  leaft  drops  do  about  their 
own  peculiar  centres. 

§.  4.  And  this  attradion  of  its  particles  in  aquilibrio 
towards  the  common  centre  of  each  fmall  drop,  is  di- 
ftind  from,  and  independent  of,  the  adion  of  thefpe- 
cific  gravity  of  the  whole  drop  towards  the  centre  of 
the  earth,  the  one  being  no  ways  hindred  or  promoted 
by  the  adion  of  the  other  5  which  appears  by  the  con- 
ftant  fphericity  of  their  figure,  whether  they  afeend  in 
(team  or  vapour,  defeend  in  rain  or  dew,  are  fufpended 
in  a  fog,  or  lie  or  hang  on  the  leaves  of  grafs  5  either 
in  the  open  air,  or  in  vacuo. 

Corollary.  Therefore  the  fame  hydroftatical  laws, 
which  take  place  in  the  ocean,  or  any  other  conlidera- 
ble  colledion  of  water,  whbfe  furface  forms  itfelf  ro 
a  convexity  about  the  centre  of  the  earth,  muft  equally 
take  place  in  every  diftind  drop  of  water,  whofe  fur¬ 
face  forms  itfelf  to  a  convexity  about  its  own  pecu¬ 
liar  - 
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liar  centre.  And  fuch  of  thefe  laws,  as  may  ferve  for- 
our  prefent  purpofe,  fhall  be  taken  notice  of  in  the 
fequel. 

f  f.  The  fecond  property  that!  would  take  notice  of' 
in  water,  is,  that  it  is  very  plentifully  attrafted  into  the- 
pores,  veffels,  intcrftices,  and  innermoft  recelTes  of  all . 
folid'  animal,  vegetable,  and  terreftreous  fubftances,, 
where  it  diffufes  itfclf  equally,  and  uniformly,  quaqua- 
verfum ;  and  conftitutes  in  fome  one  half,  but  in  the: 
greateft  number  more  than  half  of  their  bulk  or  weight 
to  fay  nothing  of  tin,  antimony,  fulphur,  and  fome- 
other  mineral  fubftances,  where  it  is  alfo  found  for: 
which  the  cliymifts  may  be  confulted,  and  particular¬ 
ly  the  moft  accurate  and  learned  Dr.  Baerhaave^  in. 
his  incomparable  Treatife  of  the  Elements  of  Chy- 
miftry. 

§.  6.  I  fhall  only  offer  one  remarkable  inftanceofthis^ 
in  the  IVth  Experiment  made  on  a  fpecies  of 
commonly  called  the  Rofe  of  Jericho^  Rofa  Hieri- 
chonteUy  which  in  its  vegetating  ft  ate  fpreads  its 
branches  allround,  almoft  horizontally,  from  the  top' 
of  the  root,  near  the  ground,  as  from  a  centre :  fee  tab.  i . . 
fig.  2.  When  it:  has  perfeded  its  feeds,  it  appears  of  a. 
hard,  woody  contexture  5  and  as  it  grows  dry ,  the  branches 
contrad  and  curl  themfelves  up  towards- their  centre,, 
fo  as  to  form  a  fpherical  figure :  fee  tab.  i.  fig.  3;  in. 
which  ftatc'this  plant  weighed  feven  drachms  and  a. 
few  grains  5  but  after  having  been  fteeped  two  hours 
in'  luke- warm  water,  it  expanded  its  branches  as  you . 
fee  5  and  it  -  weighs  now  1 3  drachms,  which  is  but 
one  drachm  lefs,  than  the  double  of  its  former  weight 
in  its  dry  ftatc:  fee  tab.  i.  fig.  2.  How  much  more. 

water: 
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water  then,  or  watry  juice,  muft  it  have  contained  in 
its  green  and  growing  (late? 

§  /.Some  green  plants  indeed  contain  more  juice  than 
others,  but  almoft  in  all  of  them,  when  pounded  and 
fqueezed, 'the  juice  is  found  greatly  to  exceed  the 
husky  or  dry  part.  This  excefs  of  tlVe  fluids  in  vege¬ 
tables  is  exceedingly  remarkable  in  all  the  fucculent 
kinds,  and  is  little  or  nothing  lefs  in  living  animals, 
and  recent  animal  fubftances.  Experiments  having 
fhewn,  that  after  wafte  or  expulfion  of  all  the  fluids 
Ey  deficcation  or  diftillation,  the  remaining  folid 
parts  appear  to  bear  a  very  fmall  proportion  to  the 
fluids. 

Corollary,  Therefore  the  few  rigid  and  lefs  move- 
able  folids  in  all  animal  and  vegetable  fubftances  muft 
in  adtion  yield  to,  and  be  governed  by,  the  hydrofta- 
tical  and  hydraulic  laws  of  the  fluids,  fo  plentifully 
contained  in' them ;  as  that  which  has  the  greateft  mo- 
mentum^  arifmg  from  its  weight  and  celerity,  will  in 
all  motions  overpower  what  has  lefs. 

§  8.  This  is  in  a  good  meafure  remarkable  in  the 
Heath  Rofe  juft  now  fhewn,  where  the  force  of  the 
fluids,  tho'  urged  on  by  no  other  power  than  the  at- 
traftion  of  its  fmall  pores  and  capillary  tubes,  was 
fufficient  to  expand  and  extend  the  branches,  and 
velTels  of  which  they  are  compofed,  from  being  feg- 
ments  of  lelTer  to  form  fegments  of  much  larger 
circumferences  of  circles,  or  other  curves  5  which  no 
external  force  can  do,  without  breaking  them  to 
pieces. 

§  p.This  Experiment  ferves  alfo  to  prove  and  illuftrate, 
what  I  have  advanced  elfewhere,  concerning  the 

power 
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power  of  the  blood  propelled  alternately  by  the  force 
of  the  heart  and  arteries  'into  the  branches  of  the 
blood- veflels,  invefting  the  cavities  of. the  inteftines 
and  veficles  of  the  lungs,  for  forwarding  the  diaftole 
or  expanfion  of  thefe  cavities  in  the  periftaltic  motion 
and  infpiration^  to  wit,  by  a  force  in  the  diredion  ^ 
of  the  tangents  of  the  arches  of  thefe  veffels  and' 
cavities,  which  is  a  direftion  perpendicular  to  their/ 
centripetal  elaftic  contrafliions r  as  they  appear  in. 
thefe  draughts  of  the  inteftines  and  veficles  of  the 
lungs  before  you.  See  de  StruB.  Motti 

Mufe.  tab.  II.  fig.  I,  2,  3.  and  tab.  V.  fig. 

§  lo.The  third  property  obfervable  in  water  is,that  it  • 
is  the  cement  of  union  of  the  folid  parts  in  all  ani¬ 
mal,  vegetable,  and  terreftreous  fubftances.  A  para¬ 
dox,  which  nothing  but  experience  could  render  pro-  - 
bable,  to  wit,  that  a  fluduating  body,  whofe  parts  > 
may  be  fo  cafily  difturbed,  difplaced,.  or.  feparated^, 
fhould  give  firmnefs,  hardnefs,  rigidity,  and  ftability, 
and  prove  a  copula  of  union  to  other  particles  of  a . 
mafs,  which  could  never  unite  among  themfelves  ^ 
without  it.  Yet  this  is  obvious  in  making  of  bricks, . 
mortar,  and  figures  in  plaifter  of  ^FariSj  and  alfo  in . 
the  diftillation  and  calcination  of  all  vegetable  and. 
animal  fubftances  i  where,  after  the  total  expulfion 
of  all  the  fluids,  nothing  remains  but  incoherent 
loofe  dull  or  afties,  incapable  of  uniting  again  with¬ 
out  a'  new  recruit  of  moifture. 

§  1 1.  The  fourth  property  of  water  is,  its  being  the 
univerfal  diflblvent  of  all  thefe  very  fubftances,of  which . 
in  the  preceding  fedion  it  is  obferved  to  be  the  ce¬ 
ment.  Which  alfo  at  firft  fight  fee  ms  another  para¬ 
dox,  becaufe  to  unite,  and  divide,  are  evidently  two 

contrary 
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contrary  adions.  I  fhall  therefore  in  the  feqnel  endea¬ 
vour  to  hew,  how  confiftently  they  flow  from  one  and 
the  fame  pruiciple,  afting  by  the  fame  infirument. 

§  I  z.The  fifth  very  remarkable  property  of  water  and 
other  fluids  is,  that  they  are  capable  not  only  of  an 
•alteration  of  figure,  or  different  pofition  of  parts 
without  the  lols  of  contiguity,  as  has  been  faid  al- 
read}';  but  are  alfo  liable  to  have  their  parts  feparated 
to  fniall  diftanccs  by  expanfion  or  rarifaftion,  or  to 
grcatei  diftances  by  evaporation  or  diflipationi  which 
is  evident  in  water,  Ipirit  of  wine,  oil,  mercury 
and  all  other  kinds  of  fluids  expofed  to  the  fire,  ot 
heat,  of  any  fort.  In  which  circumftances  they  very 
forcibly,  and  in  fome  cafes  almoft  irrefiftibly  repel 
every  moveable  thing,  that  flands  in  the  way  of  their 
expanfion  or  evaporation,  even  to  the  pitch  of  explo- 

refiftance:  as  appears  in  the 
Aolipile  and  Fire-engine. 

§  13.  The  principles  from  whence  this  expanfive 
power  and  rcpulfe  arife  have  been  mentioned  already. 
I  fhall  now  apply  what  has  been  faid  in  this,  and  the 
former  lefture,  towards  a  further  explanation  of  the 
univerfal  elafticity  both  of  fluids  and  folids. 

$  14.  iji.lt  has  bcengenerallyfuppofed, that  when  the 

ohd  p^ticles  of  an  elaftic  body  are  drawn  out  of  con- 
tad  to  fome  very  fmall  diftance  by  extenfion,  they  have 
a  ^wer  of  reftorrng  themfelvcs  to  their  former  con- 
tads  again  by  their  mutual  attradioni  in  which  the 
elafhcity  of  compound  folid  bodies  has  been  faid  to 
conl^.  But  rf  we  may  depend  upon  what  is  vifible, 
we  Ihall  never  fee  the  dry  folid  fibres  or  particles  of 
ar^  folid  body,  once  divided  or  drawn  out  of  con- 
tad,  coalefce  or  unitd  again,  or  recover  the  clofc 

contads 


'[  XXV  3  Led.  If. 

coatafts  they  had  before  j  without  fome  fluid  medium 
iuperadded.  And  therefore  if  the  Icaft  fibre  of  a 
bow,  or  other  elaftic  folid  dead  body,  be  once  crack’d 
or  broken,  the  rupture  .will  always  continue  the 
fame;  and  notwithftanding  the  eiafticity  remaining 
in  the  other  parts  of  the  bow,  by  which  the  broken 
or  divided  parts  are  brought  again  within  the  fame 
bounds  of  vicinity,  through  which  this  attradive 
power  is  faid  to  extend,  ileverthclefs  they  do  not 
again  coalefce  or  cohere. 

§  I  f .  It  is  further  obfervable,  that  if  a  drop  of  water, 
oil,  or  mercury  be  divided  into  many  lefTer  drops, 
and  placed  at  the  ieaft  imaginable  diftance  from  mu¬ 
tual  contad,  they  always  remain  diftind  and  difunited; 
but  upon  contad  they  are  abforbed  into  each  other 
with  a  vifible  rapidity,  and  become  one  as  before. 

•  Corollary,  Therefore  there  is  fome  reafon  to  con¬ 
clude,  That  the  power  of  attradion  does  not  reach 
,  much,  if  at  all,  beyond  contad,  either  mediate  or  in¬ 
termediate  ;  and  that  it  takes  efFed  in  folids  only  by 
the  mediation  of  fluids.  Again,  it  is  apparent,  that 
within  the  limits  of  contad  it  is  very  fenfibly  ftrong 
in  fluids. 

§i6.  This  quality  in  fluids  with  their  capacity  of 
change  of  figure,or  difpofition  of  parts  in  the  mafs,  to 
every  imaginable  fhape, without  a  folution  of  continuity 
or  contiguity ;  and  with  a  power  of  returning  to  their 
priftine  figure,  or  difpofition  of  parts,  within  their 
former  furface  again,  when  left  to  themfelves ;  thefe 
qualities,  I  fay,  are  fufficient  to  eftablifh  elafticity  as 
a  natural  and  eflential  property  of  fluids,  not  difeover- 
able  in  pure  or  Ample  folids,  without  their  mediation 
or  alliftance. 
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§.  17.  For  by  what  has  been  faid  of  folid  bodies, 
,  when  deftitute  of  all  humidity,  or  deprived  of  all  their 
fluids,  it  appears  evidently,  that  none  of  the  aforc- 
faid  qualities  can  belong  to  them  5  and  therefore  as 
folids  they  can  have  no  elafticity  of  their  own,  nor 
any  degree  of  it,  but  what  is  borrowed  from  the  fluids 
they  contain.  An  inftance  of  this  is  in  the  artery  be¬ 
fore  you,  whofe  elafticity  while  recent  and  moift  was 
fliewn  before  in  the  firft  Experiment  5  but  being  now 
dried  is  neither  capable  of  extenfion  or  diftenfion,  but 
j'emains  rigid  and  contrafted,  until  it  be  fteeped  again 
fbme  hours  in  water,  by  which  it  will  recover  its 
former  elafticity.  In  which  ftate  it  fhall  be  fhewn 
again  at  the  next  meeting. 

§,  18.  If  elafticity  therefore  refid esfol el y  in  fluids,  and 
only  by  their  intervention  in  folids,  we  are  now  to 
confider  how,  and  with  what  force  or  momentum^  it 
afts  there.  . 

§.  19.  Elafticity  then,  at  leaft  in  animal  and  vegetable 
fubftances,  being  an  eflential  property  of  their  fluids,  and 
of  them  only,  the  laws  of  elafticity  and  hydroftatics 
muft  be  the  fame,  thefe  laft  arifing  from  the  nature  of 
fluids,  as  well  as  the  firft  5  and  there  can  be  no  incon¬ 
gruity,  contradiftion,  or  inconfiftency  in  the  fame 
nature  or  eflfence :  therefore  the  know^n  hydroftatical 
laws. will  give  us  the  laws  of  elafticity,  which  muft 
take  place  equally  in  minimis  ut  in  maximiSy  in  a 
drop  of  water  as  in  the  ocean. 

<5.  20.  It  is  a  general  law  in  hydroftatics,  that  the  pref- 
fure  of  fluids  is  in  proportion  to  their  altitude  or  height, 
and  the  furface  againft  which  they  prefsi  and  not  in 
•  proportion  to  their  breadth. 


•  §.  2 1 .  Another 
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§.  n.  Another  general  law  is,  that  m  the  fame  altitude 

they  prefs  equally  in’all  dircftions,  or  quaquaverfum. 

§.  2  2.  From  thefe  two  general  laws  arifes  another 
fpecial  one,  which  is  commonly  called  an  hydroftaticai 
paradox  :  to  wit,  that  a  cylinder  of  water  of  any  given 
height,  communicating  with  a  veflel  fet  under  it  of  any 
given  diameter  larger  than  its  own,  and  full  of  the 
fame  fluid,  prefles  upon  the  bottom,  fides,  and  cover 
of  that  vcflcl,  with  a  force  equal  to  the  weight  of  a 
cylinder  of  water  of  the  height  of  that  cylinder,  and 
of  the  diameter' of  the  underfet  vefiei  5  and,  if  the 
velTel  be  diftenfile,  it  will  diftend  it,  or  inlarge  its 
cavity  by  all  that  force ;  which  may  be  indefinitely 
greater  than  the  weight  of  the  whole  water,  contained 
both  in  the  veflel  and  in  the  cylinder :  which  mecha¬ 
nical  difpofitioh  of  the  fluid  produces  a  great  multi¬ 
plication  of  power,  in  proportion  to  the  height  of  the 
cylinder,  and  breadth  or  diameter  of  the  communi¬ 
cating  underfet  veflel. 

§.  23.  Let  us  then  only  for  the  prefent  fuppofe,  what 
feems  highly  probable,  that  the  pores  and  interftices, 
at  leaft,  of  folid  animal  and  vegetable  bodies  are  round, 
as  their  veflels  are  known  to  be  cylindrical  and  that  the 
water,  every  drop  of  which  tends  naturally  to  fphericity, 
being  atfrafted  into  them,  is  lodged  there  in  fmall  fph^- 
rules  or  cylinders  5  this  being  the  contraded  fhape, 
which  they  naturally  take,  as  comprehending  moft 
matter  within  the  leaft  furface.  Now  if  the  folid  body 
containing  them  in  its  pores  or  veflels  be  drawn, 
bent,  or  extended  to  a  larger  furface,  containing  the 
fame  quantity  of  matter,  the  fluids  in  it  muft  yield  to 
that  force  $  and  therefore  each  drop  muft  take^fome 
figure  difFercnt  from  that  of  a  fphere,  or  become  a 

d  2  cylinder 
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cylinder  of  a  leflfer  diameter  s  that  is,  its  furface  niuft, 
be  extended  or  expanded,  fo  as  to  become  an  oblate 
or  oblong  fpheroid  ;  or  it  muft  take  fome  other  figure 
different  from  that  of  a  fphere,  and  adapted  to  the 
figure,  which  the  pores  and  interftices  of  the  folids  or 
the  veffels  themfelves  are  reduced  to  by  the  extenfion. 
But  fo  foon  as  the  bending  or  extending  force  ceafes^ 
and  the  wholeXolid  body,  is  left  to  itfelf^  the  particles 
of  each  drop  will  endeavour  to  recover  their  aquili- 
brium  about  their  peculiar  centres,  whereby  they 
recover  their  fphericity,  or  contraftion  again  into  the 
leaft  poffible  fpherical  or  cylindrical  fpace  5  by  which 
the  reftitution  in  every  part,  and  therefore  of  the 
whole,  is  performed,  the  contiguous  folidsjielding  to, 
and  confpiring  with,  the  of  the  fluids  in  this 

aftion. 

24.  But  for  the  fake  of  illuftration  only,  let  m 
again  fuppofe  a  thing  lefs  probable  :  to  wit,  that  by  the 
extenfion  of  the  containing  folid  a  part  of  each  diftindt 
dropfhould  be  raifed  beyond  the  furface,  in.  the  fhape 
of  a  fmall  cylinder,  by  which  the  diameter  of  the 
drop  would  be  leffenedj  this  fmall  cylinder  then 
would  prefs  towards  the  centre,  and  all  fides  of  the 
drop,  with  the  fame  force  mentioned  in  Section  2  2^ 
and  in  the  reftitution  the  diameter  of  the  drop  would 
increafe  proportionally,  as  the  length  of  the  cylinder 
in  its  defeent  or  acceflion  towards  the  centre  of  the 
drop  decreafed  :  therefore  it  would  defeend  or  accede 
to  that  centre  by  a  motion  uniformly  accelerated  5  as 
in  gravity.  And  in  this  view  we  have  gravity  and 
elafticity  arifing  from  one  and  the  fame  principle. 

§.  2  f.  But  the  fame  argument  will  hold,  and  the  fame 
conclufion  will  follaw,  upon  the  other  more  probable 

fup. 


([  xxix  3  Led.  ir. 

fnppofuioii :  to  Wit,  if  by  the  extenfion  of  the  folid 
containing  body,  mentioned  before,  each  diftind 
drop  be  fuppofed  to  be  drawn  from  its  fphericity  into 
an  oblong  fpheroid,  or  preffed  to  tile  form  of  an  oblate 
one,  for  the  reftitution  in  both  cafes  will  produce  the 
lame  effed  from  the  fame  hydroftatical  principles; 
lince  what^ever  part  of  the  fluid  is  extended  beyond' 
the  bounds  of  its  former  fpherical  furface,  will  thereby 
have  an  increafed  preflure  towards  the  centre,  fiich  as 
the  cylinder  has  been  faid  to  have,  orinfuch  ratio  :: 
becaufe  the  rays  terminating  in  the  uncomprelTed  parts 
of  the'  furface  of  the  oblong  or  oblate  fp^eroids  of 
fluids,  are  lengthened  by  the  new  accefllon  of  particles 
from  the  comprefled  fides,  by  which  the  preflure  to¬ 
wards  the-  centre  in  fuch  lengthened  lines  will  be 
increafed,  in  proportion  to  their  lengths  j  and  the 
fllorter  diameters  of  each  fpheroid  will  be  proporti¬ 
onally  lengthened,  as  thefe  lines  in  acceding  to  the 
centre  are  fliortened :  that  is,  the  particles,  which  lie 
in  the  diredion  of  the  longer  diameters  of  the  fphe- 
roidy  in  the  reftitution  will  accede  towards  the  centre; 
with  a  motion  uniformly  accelerated,  as  in  gravity. 
The  fame  will  be  true  of  a  cylinder,  whofe  diameter  - 
is  fliortened,  and  its  axis  lengthened,  by  the  compref- 
fion  or  extenfion. 

Corollary:  Therefore  the  laws  of  gravity,  hydro- 
ftatics,  and  elafticity,  are  probably  the  fame,  and  arife 
from  the  fame  principle  of  central  attradion,  only 
diverfified  in  almofl:  an  infinity  of  phenomena  both 
natural  and  artificial,  by  the  diverfity  of  centres,  cir- 
cumftanccs,  and  different  qualities  of  the  bodies  aded. 
upon. 

•  ». 

§.  2^*  And. 
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§.  26,  And  this  conclufion  feems  to  be  corroborated 
by  the  Vlth  Experiment  made  at  lafl:  naceting  on  water, 
oil,  and  mercury,  in  which  it  was  apparent,  that  the 
centripetal  force  of  thefe  diftind  fluids  differed  one 
from  another  in  the  proportion  of  their  fpecific  gra¬ 
vities.  The  drop  of  mercury,  as  the  hcavieft,  formed 
the  moft  perfeft  fphere  about  its  own  centre,  and  th^ 
leaft  i  the  drop  of  water,  though  fpherical,  touched 
the  plain  in  more  .points,  and  the  oil,  though  its 
upper  furface  was  fpherical,  lay  much  flatter  on  the 
plain,  forming  as  it  were  a  feftion  of  a  fmall  fphere. 
Therefore  the  centripetal  force  in  each  was  propor¬ 
tional  to  its  fpecific  gravity  3  which  feems  to  fhew, 
.that  it  flows  from  tlie  fame  principle,  acting  on  thd 
fame  fubjeft  always  with  the  fame  degree  of  forcCi 
only  on  each  fpecies  to  a  different  centre  with  a  dif¬ 
ferent  degree  of  force  or  momeutum*-,  whereas,  if  the 
centripetal  force  in  each  of  thefe  drops  did  arife  from 
fome  other  principle  than  that  of  gravity,  it  might 
be  ftronger  in  the  lighted  than  in  the  heavier  fluids. 
For  as  gravity  is  a  power,  which  afts  equally  on  all 
bodies  in  the  ratio  of  their  contents,,  if  this  centri¬ 
petal  power,  being  equal  in  all  bodies,  was  in  fomc 
QlHix^x.  ratio  or  proportion, ‘  than  that  of  their  contents; 
then  it  would  aft  mod  drongly  and  fenfibly  on  the 
lighted  fluid,  whofe  gravity  and  contents, could  lead 
refid  its  force :  and  therefore  -  the  drop  of  oil  would 
forni  a  perfefter  fphere,  than  the  mercury  i  the  reverfc 
of  which  appeared  in^  the  Experiment. 

§.  27.  Another  thing  that  1  would  fugged  from  the 
Experiment  is,  that  if  a  drop  of  each  of  thefe  three  fluids 
could  be  taken  equal  one  to  another  in  weight,  the 
cubes  of  the  diameters  of  the  fpheres  formed  by  them 

would 
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would  be  one  to  another  reciprocally  as  their  fpecific 
gravities  j  in  the  fame  manner  as  the  fpaccs  they  take 
up  in  the  fame  cylindrical  vcflel  arc  reciprocally  as 
their  fpecific  gravities.  Which  confirms  the  former  ‘ 
conclufion,  that  this  centripetal  power  in  fluids,  and: 
therefore  their  elafticity  arifing  from  it,  does  not  differ 
from  gravity,  and  is  governed  by  the  fame  laws ;  pro¬ 
ducing  a  motion  uniformly  accelerated,  as  in  the 
defcqnt  of  heavy  bodies. 

Corollary,  Therefore  the  laws  of  gravity,  elafticity, 
and  hydroftatics,  are  the  fame  i  and  arife  from  the  fame 
principle. 

Having  thus  endeavoured  to  prove,  that  water  and 
watery  fluids  are  not  only  elaftic  themfelves,  but  alfo 
the  immediate  caufc  of  the  elafticity  of  all.  animal,, 
vegetable  and  terreftrial  folid  fubftances,  of  whofe 
comppfition  they  make  a  very  confiderable  part  j  it  is 
now  incumbent  to  ftiew,  how  its  other  feemingly  con¬ 
trary  properties  formerly  mentioned,  are  reconcilcable- 
one  with  another,  and  alfo  with  this  eflential  pro¬ 
perty  of  elafticity  :  particularly  how  water  and  watery 
fluids  can  prove  the  cement,  and  likewife  the  diflblvents> 
of  animal  and  vegetable,  and  alfo  of  many  terrene 
bodies  :  or  can  become  the  caufes  of  fo  very  different' 
and  even  contrary  effefts,  as  to  unite  and  divide  the 
parts  of  the  fame  fubjeftj  and  this  by  that  fingle  pro¬ 
perty  of  central  attradlion. 

In  order  to  the  eafier  illuftration  of  this,  I  would 
offer  the  following  propofitions,  which  are  either 
evident  of  themfelves,  and  univerfally  acknowledged, ' 
or  founded  upon  Experiments,  or  proved  ill  this  and. 
the  preceding  Eedure. 
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Vrop.  I.  There  is  a  natural  centripetal  power  in 
water,  and  indeed  in  all  other  fluids,  by  which  every 
diftind  drop,  or  certain  fmall  quantity,  left  to  itfelf, 
gains  and  retains  an  exad  fphcricity.  This  I  hope  has 
fufficiently  appeared  by  the  obfervations  and  experi¬ 
ments  already  made. 

^rop.  II.  The  degrees  of  the  intcnfity  af  powers 
propagated  in  rays  from  a  centre,  or  impelled  in  a 
contrary  diredion  towards  the  centre,  are  found  to  be 
reciprocally,  as  the  fquares  of  the  diftances  from  the 
centres  of  the  refpedive  fpheres  of  their  adivity. 

Cor,  Therefore  as  water  appears  to  have  fuch  a 
centripetal  power,  it  follows,  that  the  extreme  of 
fuperficial  particles  of  the  fmallefl:  drop  of  water  prefs 
towards  one  another,  and  towards  their  common 
*  centre,  more  ftrongly,  than  the  fuperficial  particles  of 
a  larger  drop,  or  of  the  fame  drop,  augmented  to  a 
larger  fize  by  the  acceflion  of  more  water. 

Vrop.  III.  There  is  an  univerfal  impenetrability  in 
matter,  fo  that  one  quantity  cannot  take  place,  with¬ 
out  diflodging  another  of  equal  bulk  or  furface. 

Trop.  IV.  And  in  this  adion,  that  which  has  the 
greater  momentum  will  overcome  or  difplace  that 
which  has  lefs. 

Trop,  V.  The  quantity  and  celerity  or  momentum 
of  a  fluid  in  motion  maybe  fuch,  as  to  overcome  the 
refiftance  of  folids  at  reft. 

7 top,  VI.'  Water  and  other  fluids  in  contad  with 
Iblids,  acquire  a  degree  of  motion  by  attradion  into 
their  pores,  capillary  tubes,  and  interftices,  even  to 
their  innermoft  recefles,  fo  as  to  fwell,  extend,  or 
expand  them.  Inftances  of  this  were  fliewn  in  the 
Rofe  of  Jericho^  and  in  an  human  artery. 
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JProJ>,  VII.  And  the  degree  of  attradion  of  the 
fame  fpecies  of  fluids  into  the  fame  kind  of  folid  be¬ 
ing  always  equally  the  fame,  the  celetity  of  the  mo¬ 
tion  arifing  from  it  will  allb  be  always  the  fame. 
Therefore  the  increafc  of  the  momentum  of  the  fluid 
in  this  adion  muft  arifc  from  the  increafe  of  the  quan¬ 
tity  of  the  fluid  fo  abforbed  5  which  may  therefore  be 
accumulated  not  only  to  the  pitch  of  extenfion,  ex- 
panfion,  and  foftnefs,  but  even  to  a  perfed  folution. 
Which  all  obfervatiohs  confirm. 

§.  28.  Thefe  propofitions  being  admitted,  it  will 
appear,  that  the  cohefion  of  folids  in  their  various 
degrees  of  hardnefs,  folidity,  rigidity,  or  lefs  fenfible 
elafticity,  matlifeft  elafticity,  and  foftnefs  5  and  alfo 
their  perfed  folution,  even  to  the  ftate  of  fluidity,  do^ 
all  arife  purely  from  the  different  quantity  of  water, 
or  other  fluids,  lodged  in  their  pores,  or  between  their 
folid  particles. 

29.  Thus  the  incoherent  duft  of  dry  clay,  and 
fine  gravel,  by  a  confiderable  quantity  of  water  added 
in  making  of  bricks,  become  a  foft  dudile  kind  of 
pafte,  ‘Trop,  VII.  but  by  lofing  a  great  deal  .of  this 
moifturc  in  drying,  or  baking,  becomes  a  hard  folid 
mafs.  In  which  neverthelefs  a  confiderable  quantity 
of  water  ftill  remains  in  diftind  drops,  leflened  in  their 
fize  by  the  evaporation,  and  therefore  having  their 
remaining  particles  more  ftrongly  attraded  to  their 
refpedive  centres,  and  one  to  another  j  and  confe- 
quently  producing  a  ftronger  adhefion  of  the  conti¬ 
guous  folid  particles  to  the  pitch  of  hardnefs,  rigidity, 
and  a  lefs  fenfible  degree  of  elafticity.  As  in  Cor, 
Trop,  II. 

c  30*  This 
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§.  ^o.  This  alfo  appears  for  the  fame  reafon  in 
dried  lime-mortar,  and  plaifter  of  Taris^  and^muft 
be  the  fame  in  the  natural  concretions  of  common 
ftones,  marble,  in  all  which  the  moifture  has  been 
by'  degrees  evaporated  to  their  fpecific  pitch  of  Itard- 
nefs.  And  hence  it  is  that  all  quarry  ftones,  by  being 
expofcd  to  the  open  air  for  fome  time,  become  gra¬ 
dually  harder,  than  when  they  were  cut  out  of  the 
quarry.  ‘  y  ^  • 

§.31.  But  when  the  remaining  moifture  is  farther 
or  totally  expelled  by  the  force  of  fire,  they  return 
to  their  original  incoherent  duft,  dry  powder,  or 
lime. 

32..  So  that  the  cohefton  of  parts  in  folidsofthis 
kind  to  the  pitch  of  hardnefs,  rigidity,  or  lefs  fenfible 
elafticity,  arifes  from  the  fmallnefsof  the  fpherulesor 
drops  of  ‘Water  interfperfed  in  their  pores  j  which 
makes  them  lefs  capable  of  extenfion,  dilatation,  or 
fenfible  elafticity.  See  Cor.  7rop.  II. 

33.  The  fame  appears  in  dry  wood,  and  other 
vegetable  folid  fubftances  5  and  in  the  dry  bones, 
liorns,  and  nails  of  animals  i  whofe  hardnefs  or  rid- 
dity  is  owing  to  their  deficcation,  or  to  the  evapora¬ 
tion  of  a  certain  proportion  of  their  moifture  5  the 
remaining  fmall  portion  making  the'folids  in  them 
cohere  more  ftrongly,  for  the  reafohs  Mentioned  in 
the  fame  T^rop.  II. 

34.  And  when  this  remainder  is  alfo  expelled  by 

the  force  of  fife,  having  loft  the  copula  of  union,  they 
fall  to  duft  and  afhes.  .  .  ' 

3y.  Or  if  the  proportion  of  water  be  greatly 
increafed  by  infufion,  maceration,  or  decodion,  they 

are 
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are  brought  to  a  foftnefs  or  folutioii  by  the  mome7itum 
of  the  increafed  fluid.  As  in  ^rop.  VII. 

36.  This  is  farther  evident  in  the  making  glue  of 
the  dry  skins  of  hearts, '  and  of  fifhes  5  and  pafte  of 
ftarch  j  whofe  agglutinating  quality  is  owing  foleiy  to 
the  proportions  of  wafer  abforbed,  or  intermixed  by 
infufion,  maceration,  or  dccoffion. 

37.  Again,  a  certain  greater  proportion  of  water 
or  watery' fluids,  than  is  found  in  thefe  dry  fubrtances 
mentioned  above  (obferveable  in  the  green  twigs  and 
branches  of  trees,  and  other  vegetables  5  and  in  the 
frefh  arteries,  veins,  and  other  recent  parts  of  animals) 
produces  a'fenfible  eiarticity,  cafily  to  be  brought  into 
adion ;  bccaufe  the  larger  molecules  or  drops  of  the 
interfperfed  fluids  by  a  Icfler  or  weaker  nifus  of  their 
extreme* particles  one  to  another,  and  to  their  refpec- 
tive  centres,  admit  an  carter  change  of  figure  in  the 
bending  or  extenrton,  and  thereby, gain  a  more  fen- 
rtble  motion  in  their  rertitution.  That  is,  by  this  greater 
proportion  of  fluids  in'  their  pores  and  veflels,  they 
become  more  fenrtbly  elartic.  As  in  Cor,  Trop.  11. 

*  ,  §.38.  But  if  this  proportion  of  fluids  be  farther 
increafed,  all  thefe  fubrtances  become  foft  and  pulpy, 
and  thereby  lofe  their  eiarticity  5  bccaufe  the  inter¬ 
fperfed  molecules  of  the  fluids  are  now  fo  large,  that 
the  particles  of  their  extreme  furfaces,  contiguous  to 
the  folid  parts  of  the  compound,  are  lefs  attraded 
towards  their  centres,  and  therefore  upon  change  of 
figure  are  incapable  of  rertoring  themfeives.  That  is, 
by  a  redundant  moirture  their  eiarticity  is  lort,  and  they 
become  foft  5  they  fall  into  a  degree  of  folution,  or 
the  loweft  degree  of  fluidity.  See  T  rop.  VI.  and  VII. 

'  e  2  §.  39.  And  ^ 
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39.  And  if  this  proportion  of  fluids  be  yet  more 
or  greatly  increafed,  the  folid  is  completely  diflblved, 
(fee  Trop-  III.  V.  and  VII.)  its  folid  particles  being 
repelled,  or  driven  afunder  by  the  interpofition  of  a 
copious  fluid,  as  by  fo  many  wedges  fucceeding  one 
another,  increafing  in  bulk,  and  impelled  by  attradion, 
the  prime  fpring  of  motion  in  all  folutions,  fermen¬ 
tations  and  putrefadions  i  but  as  this  opens  a  very 
large  field  of  difquifition,  which  would  lead  us  too  far 
from  the  purpofe  of  thefe  Ledures,  it  mufl:  therefore 
be  left  to  fome  other  opportunity. 

§.  40.  -  Thus  the  feemingly  contrary  or  repugnant 
properties  of  water  and  other  fluids  in  cementing  and 
diflblving,  hardening  and  foftening,  as  well  as  com¬ 
municating  elafticity  to  folids,  are  reconciled  $  as  arifing 
from  the  fame  principle  of  central  attradion,  pro¬ 
ducing  different  and  even  contrary  effeds,  by  its  dif¬ 
ferent  degrees  of  force,  in  different  proportions  of  the 
fluid.  - 

§.  41.  By  which  it  alfo  appears,  that  there  is  no 
fuch  principle  in  nature,  as  a  centrifugal  power :  but 
that  repulfe  (at  leaft  in  all  phanomena)  arifeth 
from  the  principle  of  central  attradion  in  the  reftitu- 
tion  to  equilibration  j  and  from  the  impenetrability 
of  matter/  and  the  fuperior  momentum  of  an  in- 
creafed  fluid,  forced  into  adion  by  the  fame  attrac¬ 
tion  :  and  therefore  that  it  is  no  natural  principle,  but 
a  forced  effed,  which  was  to  be  proved.  See 
HI.  IV.  V.  VL  VII. 
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Lecture  III. 

« 

This  Lecture,  which  is  to  be  the  laft  for  this 
feafon,  contains  an  explanation  of  the  Vth  Ex¬ 
periment,  and  a  fhort  abftraCt  of  a  general  fcheme  of 
mufcular  motion,  which  may  lead  us,  without  wan¬ 
dering  from  the  purpofe  of  thefe  Leftures,  through 
the  '^hole  animal  oeconomy  :  in  which  the  principle 
of  elafticity,  which  I  have  been  endeavouring  to  ex-  * 
plain  in  the  former  LcCtures,  bears  fo  great  a  fhare, 
as  it  does  indeed  in  other  innumerable  and  furprizing 
fhanomena  of  nature;  the  centripetal  power,  from 
whence  it  arifeth,  feeming  to  be,  next  to  immaterial 
impulfe,  the  inexhauftible  fource  of  all  motion  in  the 
univerfe. 

The  Manner^  Explanation  and  Ufe  of  the  Vth 

Experiment. 

ijiy  This  Experiment  is  performed  by  fufpending  a 
live  Frog  by  the  fore  legs  in  a  frame,  or  in  any  other 
commodious  manner, as  in  Tab.  3.  fig.  i.  whenhaving 
cut  off  the  head  from  the  firft  vertebre  of  the  neck 
with  a  pair  of  fcilTars,  a  fmall  probe,  the  button  at  its 
-extremity  being  firft  filed  flat,  is  to  be  pufhed  very 
•  gently  down  upon  the  upper  extremity  of  the  me-^. 
dulla  fpinaliSy  in  the  firft  vertebre  of  the  neck;  upon 
•  which  the  inferior  limbs,  which  hung  downloofc,  will 
be  immediately  contracted,  as  they  appear  in  fig.  2. 
tab.  3.  The  fame  probe  pufhed  gently  through  the 
hole  of  the  occiput  of  the  fculloathe  medulla  oblon¬ 
gata^, 
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gata,  will  make  the  eyes  move,  and  fometimes  the 
mouth  to  open. 

idly^  The  fame  being  repeated  at  fome  fmall  in¬ 
terval  of  a  few  fcconds,  fucceeds  for  feveral  times  in 
the  fame  manner  5  until  the  extremity  of  the  fpinal 
marrow  be  cither  pufhed  down  too  far  out  of  the 
reach  of  the  probe,  or  contufed  by  it,  which  laft 
cfFedf  appears' fooneft  on  the  medulla  oblongata :  but 
after  this  the  Experiment  will  not  farther  fucceed,  the 

compreffion  then  ceafing  to  be  equal  or  unifonm 

/ 
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^  Obfervations  on  this  Experiment. 

Obf,  I.  It  muft  be  obferved,  that  this  Experiment 
fucceeds  better  in'  the  fummer  months  fome  time 
after  the  Frogs  have  fpawned,  than  it  does  early  in 
the  fpring,  or  in  winter  when  thofe  creatures  arc  al- 
moft  dead  by  cold,  and  want  of  food. 

Obf,  2.  The  interval  of  a  few  feconds  in  Repeat¬ 
ing  this  Experiment  on  the  fame  Frog,  feems  to  be 
neceflary  for  recovering  the  equality  of  the  circula¬ 
tion,  which  was  difturbed  by  the  immediate  precede- 
ing  convulfion,  as  it  throws  the  blood  violently  out 
of  the  mufcles  in  .  the  time  of  their  corltra(Sion  or 
fyftole,  which  cannot  be  reftored  immediately  in  fuch 
a  languid  ftate  of  circulation,  as  this  Experiment  muft 
bring  on ;  and  as  the  afliftance  of  the  blood  will  ap- 
.  pear  by  the  following  fcheme  to  be  neceflary  to  muf- 
cular- motion;  where  it  is  deficient,  the  motion  muft 
alfo  be  defedlive  or  imperfed,  as  it  appears  in  re¬ 
peating  the  pulhes'too  quick. 

Obf,  3.  As  the  inferior  procefs  of  the  brain  called 
medulla  oblongata^  and  its  continuation  called  the 
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ipinal  marrow,  are  only  ‘  a  continued  or  prolonged 
collcdibii  of  the  nerves  arifing  from  the  brain  and 
cerebellum  this- Experiment  it  appears,  that  the 
nerves  contribute  remarkably  to  mufcular  motion  v 
and  that  their  alfiftance  in  it  is  owing  to  the  fluid  they 
contain,  I  have  endeavoured  to  prove,  by  fhewing 
the  non-elafticity  of  the  nerves  in  the  firft  Experiment. 

Obf,  4,.  The  motion  here  excited  is  in  the  mufcles>. 
of  voluntary  or  fpontaneous  motion,  which  are  under 
the  command  of  the  will. 

‘Obf.  y.  The  effed  of  the  impulfe  by  the  probe  is 
the  fame,  which  is  or  may  be  produced  in  thefe 
mufcles  by  the  mind  or  will ;  or  is  the  very  fame  in 
its  manner  as  voluntary  or  fpontaneous  motion,  and 
performed  by  mediation  of  the  fame  inftruments,  to- 
wit,  the  animal  fpirits,  or  fluid  of  the  nerves,  and  the 
mufcles  of  voluntary  motion. 

Obf,  6.  The  extremity  of  the  probe  applied  in  this 
Experiment  being  flat,  cannot  produce  this  effed  by 
irritation,  but  by  compreflion  ;  and  the  compreflion: 
of  the  pliable  extremities  of  tubes  full  of  any  fluid,, 
mufl:  deprefs  or  propel  the  contained  fluid  towards  the 
lower  or  oppofite  extremities,  with  an  increafed  de-' 
gree  of  velocity.  Therefore  at  leafl:  the  beginning  of 
this  motion  may  be  juftly  aferibed  to  a  propulfion  of 
a  fmall  quantity  of  the  contained  fluid,  through  thefe 
flender  canals  into  the  mufcles,  in  which  they  ter¬ 
minate,  with  fome  greater  degree  of  velocity,  and  in. 
fome  greater  quantity  than  ufual.  Whence  we  may 
conclude,  that  voluntary  mufcular  motion  in  a  living 
animal  is  begun  in  the  fame  manner,  by  an  impulfe  of  \ 
the  mind  or  will  on  the  animal  fpirits  through  the 
nerves,  into  the  hiufcles. 

Con 


\ 
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C(?r.  And  as'the  quantity  of  animal  fpirits  propelled 
into  the  mufclcs  in  this  Experiment  mud  be  fuppofed 
very  fmall  5  it  follows,  that  the  wafte  of  this  fluid  by 
moderate  voluntary  motion  in  life  is  very  inconfidera- 
blc,  or  little  more  than  what  arifes  from  the  common 
courfe  of  the  circulation,  moderately  promoted  by 
eafy  exercife,  and  ufeful  for  health. 

0^/\  7.  In  the  following  fhort  abftrad  of  a  general 
fcheme  of  mufcular  motion,  the  ftrufture  of  a  muf- 
cular  fibre  is  fuppofed  veficular,  with  a  reticular 
plexus  of  blood-veflels  invefting  each  veficlej  which 
is  confirmed  by  an  univerfal  analogy  in  the  ftrufture. 
of  all  the  moving  parts  in  the  animal  oeconomy,  vifi- 
ble  in  the  heart,  lungs,  ftomach,  inteftines,  urinary 
bladder,  whofe  motions  confift  in  an  alternate 
fyftole  and  diaftole.  Therefore  the  nature  and  man¬ 
ner  of  the  mufcular  motion  produced  in  this  Experi-, 
ment  muft  be  the  fame,  while  the  heart  continues  to 
beat,  and  the  blood  to  circulate  in  the  limbs,  in  the 
fame  manner,  though  not  with  the  fame  force,  as  be¬ 
fore  the  Experiment.  Which  will  be  farther  explained 
in  the  following  fcheme. . 

AbJlraU  of  a  general  Scheme  of  muf 
cular  Motion.  See  Did!  de  Struct.  &  Mot. 


Mufe. 


HE  order  of  accounting  for  mufcular  motion 


confifts  in  affigning,  i.  The  principles,  i.  The 
immediate  caufe  or  caufes.  3.  The  inftruments.  4. 
The  manner  of  adion,  or  modus,  f.  The  effefts  of  it. 


j.  The 
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1.  The  principles  or  fources  of  all  motion  whe-, 
ther  natural  or  artificial,  are  only  two  5  impulfe,  and 
centripetal  power. 

2.  Original  impulfe,  and  therefore  every  new  mo¬ 
tion,  muft  arife  from  fome  immaterial  being,  as  its 
immediate  caufe.-  2)//:  de  Struct,  Motu  Mufe. 

a j)  •  I . 

3.  Impulfe,  as  the  beginning  of  every  new  muf- 
cular  motion,,  is  in  the  power  of  the  mind  or  will, 
which  muft  therefore  be  an  immaterial  being. 

de  StruB,  ^  Motu  Mufe,  Cap.  2.  y. 

4.  Centripetal  power,  or  the  power  of  contraftion, 
is  the  moft  univerfal  principle  in  nature,  producing 
repulfej  and  is  properly  the  elafticity  of  the  inftru- 
ments  of  mufcular  motion. 

Schol.  I.  Inquiries  into  the  intermediate  caufe  or 
^caufes  of  this  univerfal  centripetal  power,  of  which 
elafticity  is  only  one  branch,  are  not  to  be  dropt,  or 
neglected  i  but  after  all  our  refearches  and  difeoveries 
we  (hall  be  forced  at  laft  to  acknowledge,  that  at  the 
origin  of  the  chain  of  natural  caufes,  in  all  its  real 
or  imaginary  length,  there  muft  be  an  omniprefent  and 
immaterial  agent  as  the  prime  caufe. 

Schol.  2.  In  the  mean  time,  in  many  phanomena 
of  nature  it  is  much  to  be  doubted,  whether  that  chain 
be  fo  long  as  is  generally  imagined,  and  whether 
God  himfelf  be  not  the  immediate,  aCting,  ubiquitary 
caufe  of  centripetal  power  i  which  feems  to  be  the 
immediate  caufe  of  all  the  phenomena  of  nature  5  the 
indefinite  variety  of  them  appearing  to  arife  only  from 
the  different  ftruCture  of  the  machines  or  inftruments, 
and  other  circumftances  of  aCtion.  And  it  is  evident, 
that  all  thofe  ph^nomena^  which  by  fome  of  the* 
ahtient  philofophers  have  been  attributed  to  a  fuga 

f  vacui^ 
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*vacuiy  arife  from  a  perpetual  nifus  to  equilibration, 
‘the  ultimate  aim  of  nature,  and  the  immediate  efFc6l 
of  this  centripetal  power. 

And  though  this  univerfal  centripetal  power  was- 
to  be  admitted  as  the'  ne  plus  ultra  in  the  line  of 
caufes  or  principles,  (which  I  do  no  ways  pretend  to 
determine)  and  was  to  be  refolvcd  into  the  imme¬ 
diate  and  ubiquitary  agency  of  God  as  the  prime 
mover  5  this  would  nevcnhelefs  be  far  from  putting: 
an  end  to  all  further  difquifitions,  or  inquiries  in  na¬ 
tural  philofphy  5  as  fome  may  have  inadvertently  appre¬ 
hended:  'for  there  would  be  ftill  an  almoft  infinite 
work  behind,  for  exercifing  all  the  faculties  of  the 
mind,  in  explaining  the  innumerable  varieties  of  the 
phanomena  or  effeds  arifing  from  this  principle.  Wc. 
fhould  ftill  be  far  from  knowing  all  its  laws  of  motion, 
all  the  degrees  of  its  force,  and  the  indefinite  variety 
of  its  diredions  in  the  innumerable  produdions  of 
nature,  with  all  their  various  ftrudures  5  which  would 
ftill  remain  the  inexhauftible  fubjeds  of  inquiry  in 
natural  philofophy  j;  by  unfolding  of  which,  fhe  would 
not  only  nominally,  but  really,  become  the  miftrefs  of 
all  arts  and  fciences  5  the  former  being  only  imita¬ 
tions  of  the  works  and  defigns  of  nature,  and  the 
latter  the  dodrine  or  explanations  of  the  fame  works, 
whether  phylical  or  moral.  But  to  return  from  this 
digreffion. 

y.  The  univerfal  inftrument  of  all  animal  motion 
is  a  Muscle,  Cap.  3. 

6.  No  other  veflels  are  obferved  to  enter  into,  or 
to  make  a  part  of  the  compofition  of  a  mufcle,  but 
nerves  and  blood-vefiels  5  therefore  a  Mufcle,  or  the 
compound  inftrument  of  all  animal  motion,  muft  be 
niade  up  of  thefe  only.  Cap.  4.  ^  Concluf. 

7.  The 


[  xliii  ]  Led.  III. 

7.  The  nerves  are  hot  elaftic,  but  ferve  to  convey 
an  aqueous  fluid,  called  the  animal  fpirits,  from  the 
brain,  cerebelhtm,  or  fpinal  marrow,  to  the  mufclcs. 

Cap.  y,  6.  Which  fluid  is  the  immediate  fub- 
jecf  of  impulfe,  or  the  immediate  inftrument  of  the 
mind  for  beginning  mufculgr  motion.  As  appeared 
by  Experiment  V.  made  on  a  Frog. 

8.  The  blood- veflels  and  blood  are  elaftic ^  whence 

the  centripetal  power,  or  contradion  and  repulfe  in 
mufcular  motion.  Cap.  6. 

9.  The  external  diftribution  of  the  nerves  and 
blood-veflels  to  the  antagonift  mufcles  formerly  exhi¬ 
bited  in  Tab.  2.  fig.  i.  (hews,  that  each  antagonift  has 
its  diftind  nerve  or  nerves  without  communication^ 
but  the  antagonift  mufcles  communicate  one  with 
another  by  one  common  trunk  of  an  artery,  and  one 
common  trunk  of  a  vein :  fo  that  they  are  like  two 
antagonift  fcales  in  £qtiilibrio,  over  which  the  mind 
has  a  diftind  power  by  diftind  nerves  for  determining 
the  animal  fpirits,  and  thereby  the  blood,  to  either 
fide  at  pleafure,  without  affeding  the  other. 

10.  The  internal  difpofition  of  thefe  veflels  in  the 

compofition  of  this  inftrument  is  taken  from  the  uni- 
verfal  analogy,  vifible  in  all  the  moving  parts  of  the 
animal  machine:  to  wit,  the  heart,  lungs,  inteftines, 
urinary  bladder,  wherein  fuch  a  ftrudure  appears 
to  the  naked  eye,  as  gives  us  the  following  Idea  of  the 
fmalleft  mufcular  fibre,  deferibed  in  Cap.  8. 

that  is,  a  nervous  fibre  produced  from  its  entrance 
into  the  mufcle  along  or  in  the  axis  of  each  earnout 
fibre y  in  the  form  of  a  chain  of  diftenfile  veficles^ 
whofe  fides  are  covered  with  a  net  work  of  elaftic 
longitudinal  and  tranfverfe  blood-vejfels  y  the  extre¬ 
mities  of  all  thefe  nerves  compacted  forming  the  ten- 

.  f  2  don. 
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dofij  which  being  fpre ad  out  or  expanded  again^  forms 
the  periofteum.  See  fig.  2.  and  3.  Tab.  2. 

11.  By  the  naked  eye,  or  with  the  help  of  a  mi- 
crofcope,  this  fmalleft  mufcular  fibre  appears  of  the 
fame  blood-red  colour,  and  of  the  fame  fhape  or 
figure  with  the  whole  mufcle,  whence  it  is  taken ; 
and  the  whole  mufcle  of  voluntary  motion  is  no  more 
than  a  fafcicle  or  bundle  of  fuch  fmall  mufcular  fibres : 
therefore  its  action  can  be  nothing  elfe,  than  the  joint 
aftion  of  all  thefe.  Introd,  to  Dijf.page  1,2. 

12.  But  the  adion  of  the  whole  mufcle  by  Dr. 

Gliffon's  Experiment,  appears  to  be  only  an  alternate 
diaftole  and  fyftole:  and  therefore,  by  what  has  been 
faid  in  the  laft  paragraph,  there  muft  be  fuch  a  diaftole 
and  fyftole  alternately  in  each  of  the  fmall  carnous  fibres 
of  which  it  is  compofed.  Exp.  i.  Cap.  XL 

13.  And  by  the  Vth  Experiment  already  mentioned 
on  a  Frog,  it  appears,  that  a  very  ftrong  mufcular  mo¬ 
tion  may  be  eafily  excited  by  a  very  flight  impulfe 
through  the  nerves.  As  in  Experiment  V. 

14.  But  fuch  an  eafy  produdion  of  motion  is  not 
.conceiveable,  without  the  niceft  equilibration  of  all 
parts  of  the  machine  moved. 

ly.  Therefore  a  ftatical  equilibration  of  the  anta- 
gonift  mufcles  of  each  limb  is  deferibed,  and  deline¬ 
ated  in  ^iff.  Tab.  4.  ftiewing  the  equilibration  of  their 
elafticity. 

1 6.  And  an  hydroftatical  equilibration  of  the  fluid 
of  the  nerves  is  deferibed  and  figured  in  T)ijf.  Tab.  y. 

17.  Now  equilibrated  bodies  may  be  eafily  moved, 
by  adding  or  diminifhing  the  leaft  imaginable  force  of 
cither  fide  i  but  if  what  is  taken  from  one  be  added 
to  the  other,  the  momentum  of  the  motion  will  be 
doubled,  without  the  lofs  or  expence  of  what  is 

taken 
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taken  away,.  Theor.  19,  20.  which  is  the  cafe  in. 
inufcular  motion,  in  its  progrefs  from  utmoft  extenfion. 
to  final  contradion  5  as  will  appear  in  the  fequeL. 

18.  We  are  now  to  fhew  how  eafily  a  very  ftrong 
motion  may  be  excited,  and  carried  on  in  a  machine 
of  this  fabric,  whofe  parts  are  in  fo  juft  and  accurate. 

;  an  equilibration. 

19.  Previous  to  which  it  may  be  necelTary  to  re¬ 

move  the  following  objedion  or  difficulty,  which  1 
occurs  Cap-  10.  where  it  appears,  that  the. 

power  of  abfolute  elafticity  in  the  mufcles  greatly  ex¬ 
ceeds  the  utmoft  force  of  impulfe  in  the  power  of. 
the  mind.  But  the  ftatical  equilibration  of  that  elaf¬ 
ticity,  and  the  hydroftatical  equilibration  of  the  ner¬ 
vous  fluid  mentioned  before,  take  off  all  refiftances, 
that  would  elfe  be  in  the  way  of  that  impulfe,  by 
which  it  becomes  fufficient  for  the  purpofe,  fo  as  to 
be  able  to  begin- mufcular  motion  5  which  is  carried  - 

:  on  in  the  following  manner. 

20.  The  whole  progrefs  of  mufcular  motion  is . 
from  the  ftate  of  utmoft  extenfion,  through  the  ftates 
of  relaxation,  equilibrium,  complete  inflation  or  dia- 
ftole,  ,to  the  ftate  of  ultimate  contradion  or  fyftole,. 
In  all  which  courfes  from  the  firft  term  to  the  laft 
each  veficular.  fibre.  Ihortens  its  axis  5  and  therefore 
draws  the  limb  affixed  into  flexion,  or  extenfion,  at 
the  pleafure  of  the  mind.  2)^  Tab-  4. 

2 1 .  The  mind  can  ad  upon  the  mufcular  fibres  in 

any  ftate,  but  that  of  ultimate  contradion,  which  is 
the  termination  of  the  progrefs  of  mufcular  motion  $ 
as  the  beginning  of-  it  is  from  the  ftate  of  utmoft  ex¬ 
tenfion.  Cap.  lo¬ 

ll.  In  the  ftate  of  utmoft  extenfion  then,  the  lon¬ 
gitudinal  capillary  blood-veflels  on  the  furface  of 

each 
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'^each  veficle  in  tlie  fibres  muftbe  extended,  and  there¬ 
fore  their  tranfverfe  diameters  muft  be  leflened :  that 
is,  thefe  veflcls  thereby  become  ftraiter,  and  the  cir¬ 
culation  in  them  therefore  more  difficult  j  and  in  this 
ftate  alfo  the  tranfverfe  blood-veflels  of  each  veficle 
will  be  forced  into  ferpentine  flexures,  which  muft 
render  the  paffiage  of  the  blood  through  them  dill 
more  difficult.  Cap.  9. 

23.  In  this,  and  all  other  ftates  of  the  antagonift 

mufcles,  both  the  ftatical  and  hydroftatical  equilibra¬ 
tion,  mentioned  above,  take  place  to  fuch  a  degree, 
as  to  remove  all  refiftances,  that  would  elfe  be  iii  the 
way  of  any  fupervening  impulfe.  Cap.  10. 

24.  Therefore  if  the  mind  impels  but  a  very  little 

more  of  the  nervous  fluid  than  ufual,  through  the 
llender  tubes  of  the  nerves,  into  thefe  extended  ve- 
ficles,  they  will  be  uniformly  dilated  as  in  the  known 
Experiment  of  the  Water- bellows.  Cap.  9.  and 

Th.  22. 

2f.  By  this  diftenfion  of  the  veficles  their  axes  be¬ 
ing  fhortened,  and  their  diameters  lengthened,  the 
longitudinal  capillary  veffels  on  their  furface  muft  be 
fhortened,  and  thereby  their  diameters  inlarged  5  and 
the  ferpentine  flexures  of  the  tranfverfe  veffels  will  be 
extended  5  which  in  both  kinds  will  leflen  the  refift- 
ance  they  gave  to  the  tranfit  of  the  blood,  which 
both  by  the  diaftole  and  fyftole  of  the  arteries  is  con¬ 
tinually  urged  on  to  its  paffage  through  them  5  and 
being  thus  facilitated,  every  globule  of  blood  in  its 
progrefs,  by  endeavouring  to  fly  off  by  the  tangents  of 
thefe  veffels  and  veficles,  tends  to  expand  them  more, 
and  thereby  opens  the  way  for  the  further  and  eafier 
influx  of  the  nervous  fluid  i  to  which  the  blood-veflels, 
contribute  as  fo  many  elaftic  levers  aded  upon  by  the 

blood 
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blood  in  its  progirefs.  Thus  by  the  afliftance  of  thefe 
three  powers,  of  the  nervous  fluid,  the  blood,  and 
blood- veflTels,  the  progrefs  from  cxtenfion  to  inflation 
or  diaftole  of  the  veficlcs  is  made,  with  fuch  a  degree 
of  celerity  as  the  will  commands.  Cap,  9; 

2(5.  The  mufcle  is  at  that  time  tumid  and  inlargcd 
by  the  afflux  of  the  nervous  fluid  and  blood,  which;. 
increafes  its  bulk. 

27;  The.  mind  may  keep  up  this  .inflation;  as  long 
as  it  pleafes,  only  by  impelling  conftantly  fuch  a  fmair 
quantity  of  the  nervous^  fluid  into  the  diftended  ve-- 
licles,  as  is  fufficient  to  fupply  the  ufual  expence  of^ 
them  in  their  common  courfe. 

28..  But  if  the  mind  defifts  to  fend  in  this  recruit,, 
or  fufpends  it,  then  thefe  circular  or  arched  elailic: 
veflels  now  turgid  with  elaftic  blood,  whofe  areas  have, 
been  thus  forcibly  inlargedy  endeavour  to  contrad 
themfelves  every  way  towards  the  centres  of  their  areas, , 
which  are  the  centres  of  the  veficles i^and,  the  mind: 
giving  no  refiftance,  this  nifus  place  to  the  com¬ 
plete  contradion  of  each  fibre  ^  by  which  the  limb . 
affixed  is  brought  into  complete  flexion  or  extenfion, 
according  as  this  or  the  other  antagonift  has  been  aded ; 
upon.  Cap.  9. 

29.  In  this  ftate  the  wfflole  mufcle  becomes  ffiorter,- 
and  lefs  in  all  its  dimenlions ;  harder  and  paler  by  cxpul- 
fion  of  a  great  part  of  its  fluids  through  the  veins  to¬ 
wards  the  heart,  and  through  the  extremities  of  the 
nerves  intojhe  tendon  and  periojleum.  And  fuch  are. 

phenomena  of  this  and  all  other  moving 
parts  of  the  animal  machine. 

30.  It  may  be  imagined,  that  fuch  interruptions  of' 
the  courfe  of  the  bl<5od_in  the  capillaries  of  the  arteries 

and  veins,  and  fuch  uncertain  fubfultory  changes  in  thq , 

figure 
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.'jfigure  of  the  parts  as  have  been  defcribed,  might  in¬ 
terrupt  the  regular  circulation  of  the  blood,  and  there¬ 
by  difturb  the  motion  of  the  heart  s  which  is  not  ob- 
ferved  to  happen  by  moderate  exercife.  But  this  diffi¬ 
culty  is  removed 'by  confidcring,  that  the  whole  is 
carried  on  in  extenfile  and  diftenfile  blood- veffels,  com¬ 
municating  one  with  another,  as  in  Tab.  2.  fig.  i.  and 
therefore  what  cannot  be  received  into  one  is  imme¬ 
diately  communicated  to,  and  eafily  received  by  the 
other,  and  by  it  forwarded  in  its  return  to  the  heart, 
in  the  fame  time  and  quantity,  as  if  the  paffages  through 
all  the  veflels  were  equally  open,  and  paflable.  There¬ 
fore  though  an  acceleration  does  arife  in  all  exercifes, 
yet  an  irregularity  of  the  circulation  in  a  healthy  perfon 
is  not  obferved  to  happen  by  any  degree  of  exercife. 

What  I  have  here  briefly  recited,  I  have  at  large  en¬ 
deavoured  to  explain  in  a  "Differ  tat  ion  on  this  fubjed 
lately  publifhed,  with  feveral  figures  annexed  for  illuf- 
tration  of  the  whole  5  by  which,  I  hope,  the  principles, 
caufes,  inftruments,  manner  of  adion,  and  effeds,  in 
which  the  ratio  of  mufcular  motion  confifts,  have  been 
pointed  out  from  anatomy,  mechanics,  hydroftatics, 
obfervations  and  experiments.  To  which,  for  the  fake 
of  brevity,  I  have  every- where  referred. 

The  proof  and  illuftration  of  this  general  feheme  will 
appear  in  the  application  of  it,  for  explaining  the  various 
fundions  of  the  animal  oeconomy  5  which  may  natu¬ 
rally  become  the  fubjeds  of  fome  future  inquiries  to- 
"  wards  anfwering  the  intention  of  the  worthy  Founder 
of  thefe  Ledures. 
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Figure  i,' 

CONTAINS  a  nerve,  artery  and  vein  of  an 
human  fubjeft,  which  before  excifion  were  all 
of  equal  length  with  a  piece  of  twine  applied  to  mca- 
fure  them* 

The  nerve  aftef  excifion,  continuing  of  the  fame 
length  as  it  was  in  the  body  $  to  wit,  equal  to  the 
twine  B. 

.  4?*  The  twine  or  common  mcafure  of  all  the  veflcls 

before  excifion. 

• 

C.  The  artery,  which  in  the  body  was  of  the  fame 
length  with  the  nerve  and  twine  j  but  being  cut 
out  ^d  left  to  itfelf  fhrinksj  or  contrails,  to  the 
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iofs  of  -f  of-  its  length  j  as  thofc  of  Dogs  lofc 
about  I . 

-2).  The  vein,  which  was  equal  to  the  nerve  and  twine 
in  the  body,  but  being  cut  out  and  left  to  itfelf 
(brinks,  or  contrads  as  much  as  the  artery,  though , 
not  with  the  fame  degree  of  force. 

Hence  it  appears  that  the  arteries  and  veins  are  evi¬ 
dently  elaftic,  and  that  the  nerves  have  not  the  leaft 
apparent  elafticity.  See  Exp.  I.  Led.  1. 

-  \ 

F  IGURE  2. 

ji.  Thc-Rofe  of  JerichOy  expanded  by  being  fteeped 
two  hours  in  water,  weighing  drachms,  and 
refembling  its  date  of  growth  in  the  ground. 

Figure  3. 

The  fame  dry  and  contraded,  weighing  7  drachms 
and  a  few  grains. 


T  A  B  t  E  II. 

F  I  G  U  R  E  I. 

Contains  the  antagonift  mufcles  of  an  human  arm, 
placed  at  a  little  more  than  their  natural  diftancc,  with 
the  nerves,  arteries,  and  veins  diftributed  to  them  in 
their  natural  lituation  and  order. 

I 

A.  A.  A.  The  mufcle  biceps,  the  flexors  or 

benders  of  the  cubit  or  foie-arm. 


I 
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B. B-B.  The  internal  brachial  mufcle,  another  flexor 
or  bender  of  the  fore- arm. 

C.  C.  C.  C.  The  external  brachial  mufcle  called  triceps y 
an  extenfor  of  the  fore-arm. 

The  mufcle  called  anconaeuSy  another  extenfor  of 
the  fore- arm,  is  hid  here. 

2).  The  common  trunk  of  the  branchial  artery,  dis¬ 
tributing  the  blood  by  its  branches  to  all  theft  an- 
tagonift  muftles  on  each  fide  of  the  arm;  red,  ex- 
prefled  by  the  lines  thus  [|||  as  in  Heraldy. 

E*  The  common  trunk  of  the  vein,  through  which 

the  blood  brought  back  from  the  muftles  on  each 

fide  returns  towards  the  heart ;  blue,  exprefled  as  in 

-  Heraldy  thus 
* 

F.  The  trunk  of  the  nerve  peculiar  to  the  flexors  of 
the  fore-arm,  whofe  branches  arc  peculiarly  diftri- 
buted  to  thefe  flexors  only,  but  not  to  the  ex- 
tenfors ;  white. 

G.  G.  Two  trunks  of,  nerves  peculiar  to  the  extenfor 
mufcles  of  the  fore-arm,  whofe  branches  are  pecu¬ 
liarly  diftributed  to  thefe  mufcles  only,  but  not  to 
their  antagonifts  the  flexors;  white. 

The  number  of  the  branches  of  thefe  feveral  vefiels, 
and  the  manner  of  their  diftribution  and  infertion  into 
thefe  mufcles,  appear  in  the  figure.  I  need  only  to 
obferve,  that  the  antagonift  mufcles,  that  is,  the  muf¬ 
cles  of  each  fide  communicate  one  with  another  by 
their  blood- veflels,  but  not  .by  their  nerves. 
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By  theTielp  of  this  figure  the'mcchanical  manner  of 

mufcular  motion  delivered  in  Lefture  III,  will  be 

cafily  underftood. 

V  Figure  2. 

A.  Reprefents  a  mufcular  fafciclc,  or  fmall  part  of  a 
mufcle,  macerated  in  water,  and  carefully  feparated 
longitudinally  from  the  reft  of  the  mufcle,  with  its 
tendinous  extremities ;  exprefiing  together  the  figure 
,  of  the  intire  mufcle,  as  mentioned  §.  ii.  Left.  III. 
and  at  greater  length  in  Cap,  VII.  §.  y.  ©{/T* 
StruB,  ^  Mot.  Mufe.  and  Introd.  §.  2.  and  18. 

$ 

By  By  By  T lic  cariious  red  fibres  drawn  afunder, 
that  the  nervous  white  fibrill£  or  fillaments  diftri- 
buted  to  them  may  better  appear. 

C,  C,  C.  The  nervous  white  fillaments,  entering  the 
carnous  fibres  at  angles  more  or  lefs  acute.' 

2),  The  tendinous  extremities  of  the  mufcular 
fafcicle  5  being  the' nerves  and  nervous  membranes 
of  each  mufcle  or  part  of  a  mufcle  collefted,  and 
compafted  to  the  firmnefs  of  a  tendon,  whence 
being  again  expanded,  it  is  juftly  called  the  apo- 
neurojis  5  and  being  farther  continued  over  and  into , 
bones,  is  called  per  toft  cum. 

Fy  HyG.  Shew  the  direftions  and  diftributions  of 
thefe  procefles  of  the  nerve,  artery,  and  ve.in  to  the 
mufcular  fafcicle,  fimilar  to  their  direftions  and 
diftributions  to  the  whole  mufcle. 


< 
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This  figure  is  the  fame  with  the  next  following  y. 
excepting  that  in  this  the  fmall  nervous  veficles  in 
each  carnous  fibre  are  fuppofed  to  be  covered  by  the 
blood-veflels. 


Figure  3; 

A.  Shews  the  angle  of  ihfertion  of  the  nerve  into  this- 
^  fafcicle,  as  into  the  whole  mufcle,  with  the  direc¬ 
tion  and  diftfibution  of  its  branches  into  the  mul- 

cular  veficles. 

'  \ 

-  ^  I 

By  By  B,  The  cliaihs  of  the  mufcular  veficles,  fup¬ 
pofed  to  lie  in  the  diredion  of  the  axis  of  each  car- 
nous  fibre,  and  to  be  inflated  or  diftended  by  the 
'  influx  of  the  nervous  fluid,  at  the  command  of  the 
will  in, the  diaftole  of  the  mufcle.'  See  de 

StntSf.  S'  Motu.  Mufe.  Cap.  VIII.  §.  2,  4,  y,  7,  8. 
and  Abjtr.  in  Left.  III. 

This  verficular  flrufture  of  the  fmalleft  mufcular 
fibre,  pointed  out  and  confirmed  by  a  fimllar  flrufture 
in  all  the  vifible  moving  parts  of  the  animal  oeeco- 
nomy,  may  be  juflly  inferred  from  the  plain  analogy, 
of  nature,  which  is  always  fimilar  to  itfelf by 
which  it  will  be  .eafy.  to  underfland  -  what  is  faidl 
of  the  general  mufcular  flrufture  in  25^  C^.  VIIL 
and  of  the  manner  of  mufcular  motion  Cap.  IX.. 
and  more  compendioufly  in.  the  AbfiraA  of  that. 
gcneral  fcheme  in  Left.  HI.- 
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Table  III. 

I  I 

F  I  G  UR  E  I. 

A.  A  live  Frog,  the  head  being  cut  off,  hanging  by 
the  fore- legs  without  motion. 

Figure!. 

Br  The  fame  Frog,  whofe  inferior  limbs,  which  hung 
loofe  and  free,  are  brought  into  a  ftrong  and  com¬ 
plete  contraftion  -by  a  very  flight  impulfe  with  the 
button  end  ofl  a  probe,  on  the  upper  extremity  of 
of  the  fpinal  marrow  5  the  end  of  the  probe  being 
filed  flat  and  fmooth  for  that  purpofe.  See  Ex- 
feriment  V. 


ERRATA. 

Left.  11.  Pagez^.  1.  i().  for  intermediate,  immediate. 

Left.  III.  Page  /.  ig.for  of  mufcular  motion,  read  in  mufculaf 
n^otion. 
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